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KINGFISHLRS (alcedo ISPIDA) 


KINGFISHERS {Ahedo hpiifd) 

The Common Kingtibher of lintain, which ranges through 
Europe and the greater part of Asia, is reinarkuhle for its brilliant 
plumage. The plate depicts two of them perched on branches 
overhanging a stream, on the look-out foi fish, which constitute 
their favounte pre>. The structure of the feet greatly assists in 
the maintenance of this characteristic attitude, thicc of the toes 
being closely bound together and foiwardly directed, f )n sighting 
Its prey the Kingfislier darts down with arrow like flight, and us<*s 
Its long sharp lieak as a fish-spear. (Jnee secrured the booty is 
t.iken from the water and beaten against the biMiich to stop its 
struggles, as a preliminary to swallowing. Kingfishers also hawk 
along the surface of the w^ater, diving >ertically with great rapidity 
as opportunity may offer. When the wings are closed the extended 
body IS shaped like a rounded w'edge, well suited for cleaving the 
water with but little friction. r 
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THE FOOD OF ANIMALS 

INTRODUCTORY 

In the early jKirt of Volume I a brief sketch has been given of 
the process of digestion, by which food is dealt with within the 
body, and we shall be chiefly concerned in the present section with 
the various means by which animals obtain the necessary materials 
wherewith to repair and build up their bodies. Occasion will, 
however, be taken to recapitulate some of the essential facts and 
principles relating to the digestive process. 

It has been cynically remarked that life may be summarized in 
the conjugation of a single verb- -the verb “ to eat ” — in its various 
moods and tenses:— “ I eat, thou eatest, he or she cats ”, &c., with 
the terrible converse, “ I am eaten, thou iirt eaten, he or she is 
eaten”, &c. This epigrammatic statement embodies a great deal of 
truth, for a primary characteristic of living things is the constant 
necessity for food — the law of hunger. A nugget of gold, or a 
quartz crystal, may remain for an indefinite time without under- 
going any appreciable change, and any addition to its substance 
which may take place consists in the deposition of fresh external 
layers, such as one sees in the cross-section of a stalactite. But 
the essential living part of an animal, that exceedingly complex 
substance known as protoplasm, is extremely unstable, and in- 
cessantly undergoing waste by a process of breaking down into 
simpler substances, the simplest of which — as waste products — 
have to be eliminated from the organism. Every manifestation 
of life, whether it be a muscular movement the formation of 
a digestive fluid, a thought, or an emotion, involves and is 
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dependent on this sorC of waste. In other words, the chemical 
chanjfcs embraced under the term “ waste ” furnish the power by 
which the or^janism is worked, just as a locomotive is kept going 
by consumption of fuel, or an electric bell made to sound by the t 
chemical action going on in a battery. 

rYet, de.spite this incesscint chemical disintegration in nearly all 
parts of its body an animal maintains a constant .shape and ap- 
pearance for long periotls of time, or, if young, may exhibit tho.se 
incrciises in size and weight which constitute growth. 

It is therefore evident that waste must be counterbalanced by a 
corresponding process of renewal, while in .such cases as those of 
a growing child or a fattening ox there is not merely bare renewal, 
but a formation of new substance, often to a very considerable 
extent. Increa.se in size docs not, however, consist in the addition 
of external layers, for the new material must be intimately em- 
lx)dicd with that already existing. The raw material from which 
reptiir and increase are effected is food, which is worked up by 
the digestive organs into a suitable condition, those parts of it 
which arc not, or cannot be, digested being cast out of the body 
as useless. 

One of our mo.st distinguished zoologists (the late Professor 
Millies Marshall) describes the chemical changes by which 
the living substance of the Ixidy is constantly being built up 
and as constantly broken down, in a very picturesque way, and 
his words may well be quoted here: — “This conception of protO'- 
plasm, or the living matter of animals and plants, as undeqjoing 
incessant change, or metaliolism as it is called, is one of much 
importance. Living protoplasm has been compared to a foun- 
tain in which the form remains constant though each component 
particle of water is in constant movement. In protoplasm, as 
in the fountain, we distinguish two main processes, an uphill 
or anabolic process, as the water rises to the crest of the wave, 
or the food is being built up into the living tissues; and a 
downhill or katabolic process, as the water falls from the crest 
back into the basin, or as the living brain, muscle, &c, become 
broken down into the various excretory products. The uphill or 
anabolic processes are .synthetic, and require or absorb energy. . . . 
On the other hand, the downhill or katabolic processes are 
analytic, and are sources of energy. Protoplasm may, to adopt 
the simile ^iven above, be regarded as the topmost point, the 
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Fie* 303.— Metabolic Staircase 


crest of the physiological wave, consisting «>f matter in a condition 
of extremely unstable equilibrium ..." (fig. 303). 

The size, shape, and structure of animals, their habits and 
distribution, all very laigely depend upon the ever-present necessity 
for food, which indicates its existence by the cravings of hunger 
and thirst. And it is photopcasm 

in the main the radical ' 1 

diflfereriCe as to food 
which brings about rooo 
the striking contrasts 

in form, structure, and wastc proouot* 

mode of life between _ „ . ... . 

animals and plants, 

especially ordinary green plants, as distinguished from fungi. The 
food of such green plants is of the simplest kind, consisting, as it 
does, of the carbonic acid gas of the air, and the water which every- 
where permeates the soil and holds mineral salts in solution. A 
plant is therefore surrounded by its proper food, and has only to 
Stretch roots downwards and leafy stems upwards to obtain it in 
abundance; for which purpose a branching form, offering a laige 
aksorptive surface, is eminently suitable. Nor is a digestive cavity 
necessary to deal with liquid and gaseous food, so such a cavity 
is characteristically absent Since, too, the food is in such near 
proximity, locomotor powers would be .superfluous; and equally 
ynnecessary is a well-developed nervous system to regulate loco- 
motion and, with the aid of special sense oigans, place the organism 
in touch with the outer world. As regards any one of the higher 
animals the case is far different “ A solution of smelling-salts in 
water, with an infinitesimal proportion of some other saline matters, 
contains all the elementary bodies which enter into the composition 


of protoplasm; but, 'as I need hardly say, a hogshead of that fluid 
would not keep a hungry man from starving, nor would it save 
any animal whatever from a like fate" (Huxley). Being devoid 
of the green colouring matter called chhrophyll, which enables a 
green plant to use the enetgy of the .sun’s rays for building up 
simple food into complex substances, the animal has to live upon 
very elaborate food, which can ohiy be obtained from one of two 


sources, i.e. plants or other animals. A broad popular distinction 
has therefore been drawn between flesh-eating animals, plant- 
eating animals, and those omnivorous forms which, like ourselv^ 
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and the pig, affect a« mixed diet. A higher animal possesses 
many characters related to the nature of its food, and contrasting 
strongly with the relative features of higher plants, as enumerated 
above. Such are, in particular, a compact shape, an internal 
digestive cavity, powers of locomotion, and well-developed nervous 
system with related sense organs. 

It will not be uninteresting to consider flesh-eating, plant- 
eating, and omnivorous animals successively, with specifil refer- 
ence to the ways in which they are modified as a result of their 
proclivities in the matter of food. After this* we will briefly 
review some of the innumerable devices and structural modifica- 
tions which help animals to escape from those predaceous forms 
which have developed a g'lstronomic liking for them. 



CHAPTER 1 


THE. FOOD OF ANIMALS— FLESII-EATING MAMMALS 
(Carnivora) — WHALES (Cetacea) 


So well marked are the flesh-catinjj propensities of a lat^e 
and familiar order of Mammals that they have been christened, 
par excellence^ the “Carnivora”. Here are included a number 
of important sub-j;roups, familiarly e.xemplified by the Cat, Dog, 
Bear, and Seal. In many of these forms, however, the diet is 
not exclusively of animal nature, and .some of them take a con- 
siderable quantity of vegetable food. Polar Bears in the Zoo 
are regularly supplied with green meat as an alterative to theii 
fish diet, while loaves of bread are served out to Brown Bears, 
and every child knows that these ordinary Bruins are particularly 
fond of honey. 

Cat Family 

• The “harmless necessary cat” is about as typical a Carni- 
vore as can readily be found, and anyone who has observed the 
stealthy way in which one of these animals approaches small 
birds, taking advantage of the smallest cover and closing pro- 
ceedings with a sudden spring, has a very good idea of the way 
in which Lions, Tigers, and Leopards hunt down their prey. 
One would expect a Lion, the symbol of British dignity, to adopt 
tactics of a more open kind, but, as a matter of fact, this does 
not appear to be the case. As one would anticipate, the muscular 
system of a Carnivore is exceedingly well developed, the Tiger 
in particular being very well endowed in this reject, and able 
to drag along an animal far exceeding him in weight 
The feet and teeth of a Cat will repay clos^ examination, 
since they are specially modified in accordance with 'the preda- 
ceous habit To begin with, the animal does not. walk on the 
soles of its feet as we do, but progresses noiseles^y on tiptoe. 
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or, to speak more leaAedly, is digitigrade (fig. 304). The sharp 
claws which arm these digits are obviously related to the capture 
of other animals. To be efficient, however, these weapons must 
be kept sharp, and hence, when not in use, they are drawn back * 

or retracted into special sheaths, being 
smartly thrust out when the animal 
.strikes its prey. They are kept sharp 
by scratching against the bark'bf trees 
or any handy table-leg. Like our own 
nails, to which indeed they correspond, 
they grow continuously throughout life. 

The teeth are still more interest- 
ing, and are specialized in a very 
e.vtraordinary manner. To understand 
the way in which they are adapted to 
a special purpo.se, the best plan will perhaps be to first consider 
the arrangement of our own teeth (see vol. i, p. 35). A com- 
plete .set of human second or permanent teeth consists of thirty- 
two members, eight cutting or incisor teeth in front, four pointed 
canines or eye-teeth, and twenty grinders or cheek-teeth. The 
number and arrangement may conveniently be expressed by 
what is called a dental fortnula, as follows: — 



A, ictractcd Ihy clastK baiul, <’/). 11, thrust 
iiiit 'by muscle, of which Jl is the tendon). 


Incisors = canines = grinders = ^--- (consisting of 

r 

2 — 2 1 ■“ “iX 

prcmolars = j _ j molars “ ^ ' 

Each fraction represents one kind of tooth, the numerator indi- 
cating those of the upper jaw and the denominator those of the 
lower. The dashes divide the right-hand teeth from the left- 
hand ones, the numbers in all cases corresponding, as the teeth 
are symmetrically disposed. 

Thfe cheek-teeth are placed under two headings, premolars 
and ntdars, which are much alike in general characteristics, 
though' jp the human subject each premolar has two rounded 
projectidhs or cusps on its crown, and is therefore often called a 
while each of the molars has four cusps. The essential 
jce. however, between these two kinds of teeth is that 
pj||rtKi||i^ have predecessors among the temporary or milk teeth, 
'the molars have not. 
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The dental formula of the Cat is as follows (fig. 305): — 

2 — 2 I““I 

Incisors « , canines = , premolars ~ , molars « — . 

mm' •»'* Am' j I 

It will be seen that the total number of teeth is thirty, two less 
than in Man, and that there are more above than below. ,The 
eight incisors, being small and pointed, are of comparatively 
little use in dividing food, but the four 
canines are large pointed tusks, emi- 
nently adapted for seizing and holding 
living prey, while the cheek-teeth 
have sharp cutting edges quite unfit 
for grinding, but very' well suited for 
dividing flesh. This is especially true 

r, , 1 . *'«! W-SknlIofC.a 

for what are known as the carnassial, 

teeth, which are the much-enlarged first lower molars and last upper 
prcmolars {i.e. the third cheek-teeth above and below, counting 
from the front). These work against one another like the blades 
of a pair of scissors. It is also to be noticed that the Cat’s lower 
jaw is united to the skull by a very perfect hinge-joint, which 
(inly allows of up-and-down movements without any lateral play. 
The jaws of a Carnivore consequently form a very jjerfect ap^ 
paratus for seizing prey and afterwards dividing up its flesh by 
a series of snaps. Other noteworthy features are the small spiny 
•projections with which the tongue is covered, converting it into 
a very efficient rasp of great use in cleaning fragments of meat 
from bones, and the comparative shortness of the digestive tube, 
in striking contrast with what obtains in a vegetable feeder. 
Plant food, in fact, is harder to digest than meat, and a very 
large surface is necessary by which the digested matters can be 
absorbed into the blood and lymph systems. 

What is true for a Cat as regards structure is in the main 
true for all cat-like Carnivores, such as Lions, Leopards, Tigers, 
and Jaguars. As a general rule, too, these animals are coloured 
in such a way that they harmonize with their surrounjt^ngs, and 
are therefore better able to steal upon their victims without being 
observed (fig. 306). This kind of coloration is of the<«ldQd 
termed by naturalists general aggressive resemblance, whi^ 
in many groups of widely-differing animals. The ' 
black and tawny stripes of a Tiger (Felis tigris) do not>^'wst 




Fik. 306 *- Markinj{^ of Cat-like Animals 
1, Tiger; a. Lioness. 3. Panther. 4^ Jaguar: 5, Ocelot; 6, Pampas Cal. 


FLESH-EATING 

sight appear to favour concealment, but tAose who have seen the 
animal among the reeds and grasses of his native jungle, where 
patches of light and snade alternate in a confused way, assure 
us that such is the case. 

The tawny colour of the Lion {Fe/is leo) of the Old World, 
and of the American “ lion ” or Puma {telis concolor) (fig. ^07), 




fv 307 '-Puma (Ff/u cMcoior) 


is also an example of aggressive coloration, harmoi^^ ,wi^ 
the sandy wastes that are more particularly afifecl^'jby'Si;^ 
animals. A similar coloration is characteristic of 
belonging to widely diverse groups, though in ntany 
tcction is the object sought. It is a curious (suit t^t-'Li^'|m 
Puma cubs differ greatly in colouring from the' adults, 
former are striped and the latter spotted. Prom this ih .may 
reasonably be inferred that these uniformly coloured species aA! 
descended from striped and spotted forms, and if this inference 
be correct it is a good example of the “recapitulation” of the 
history of the species in the life-history of the individual. 
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There are many pcKiits in the habits of the Puma which are 
of especial interest. One of them is its reluctance, even when 
hunted down, to attack man. W. H. fludson, in his charming 
book 7 Vtc Natiiralist in La Plata, writes as follows in this con- 
nection: — “ It does not attack man, and Azara is perfectly correct 
whep he affirms that it never hurts, or threatens to hurt, man 
or child, even when it finds them sleef)ing. This, however, is 
not a full statement of the facts; the Puma will not even*defend 
itself against man.” In .spite of this apparent timidity, however, 
the Puma is a hunter of no mean capacity, and attacks large 
animals in preference to small. Horseflesh is a particularly 
favourite article of diet, and introduced horses maintain them- 
selves with such e.xtremc difficulty in the puma-haunted regions 
of America, that Hudson thinks this throws some light upon 
the remarkable fact that the wild horses, which were once so 
common on the American continent as indigenous forms, all 
became extinct despite the favourable conditions as regards food 
and climate. The Puma is further of interest as being an example 
of an animal po.ssessing a wide geograjffiical range, in this ca.se 
practically the whole of America," and its habits vary according 
to the nature of the surroundings. P'or the most part it imrsucs 
animals which live upon the ground, but in the forest regions 
of South America has been seen chasing monkeys among the 
trees. 

While the largest of the Cat t'amily, i.e. the Lion and Tiger,* 
either do not climb at all, or do so to a very small extent, and 
the Puma is not a thorough -going climber, there arc a large 
number of allied .species both large and small which largely c.x- 
tend their sphere of operations by the assumption of a climbing 
habit. Here are included such forms as the Jaguars of the 
New World, and the Leopards, Lynxes, and Small Cats oT* the 
Old. In all these cases the fur is more or less spotted or mottled 
in such a way as to harmonize with foliage, and render the animals 
inconspicuous (fig. 306). All the members of the Cat Family so 
far mentioned, when attacking prey possessed of great powers 
of speed, mainly rely upon a stealthy approach terminating in a 
sudden rush or spring ; but the Cheetahs or Hunting Leopards 
(fig. 308) pursue different tactics. It is true that these long-legged 
creatures approach to within a reasonable distance of such animals 
as antelopes or deer by stalking them, but so fleet are they them- 



LION SEIZINC; PREY 

Members of the Cat tribe, both small and lar^c, hunt their piey 
in the same kind of way. First there is a stealthy approach, and 
last a sudden spring, which commonly secures a \ictim. The 
plate represents this final stage in the case of a hon which has 
been stalking a herd of Sable Antelopes. I'he so-called “king 
of beasts’’ is enormously strong, and literally hurls himself upon 
his prey, preferring the neck as the point of attack. The first 
blow of the paws often shatters the cervical \crtcbnr, causing 
instant death. 
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selves that if the" first rush should fail the^ are often able to run 
down their prey. Cheetahs, indeed, are the greyhounds among 
the Cats, if such an expression is permissible, and it has been 
asserted that they hold the record among Mammals for short- 
distance running. 

Most members of the Cat Family subsist chiefly or eng’rely 
upon land animals. It is, however, a matter of common know- 



Fig Cheetah or Hunting Leopard {Cymtlnrus jHhaUts^'\ 


ledge that domesticated grimalkins arc particularly fond of fish, 
and have even been known to acquire the habit of catching these 
for themselves. And the large sfiotted Fishing Cat {Felis viver- 
rind) of India and South China largely depends upon this kind 
of food. 

Civet-Cat Family 


The Viverrine or Civet-like Carnivores get their living much 
in the same way as the Cats projier, but, being smaller, attack 
prey of corresponding size. For this pursuit their long slender 
bodies, with comparatively short legs and narrow snouts, are well 
adapted. Viverrines include a large number of widely differing 
forms, all of which, however, are less specialized than the Felida:, 
as seen more particularly in the fact that their teeth are more 
numerous and less formidable, while their claws are in most cases 





su^ests a cat of slender proportions, and may attain a length of 
alx)ut 5 feet, of which, however, nearly half is token up by the toil. 
Little is known of its habits, but it is extremely ferocious, and 
much dreaded by the natives. Like cats and the like, it is able to 
pursue prey both on the ground and among the trees. The Civets 
proper and their immediate allies are characteristic of the warmer 
parts of the Old World, and some of them are far from being 
entirely carnivorous in diet We find here, as among the Felida;, 
some species possessed of marked climbing powers, as in the case 
of the Asiatic Palm-Civets, or Toddy-Cats {Paradoxures), the 
favourite food of which consists of birds, eggs, and small quad- 
rupeds such- as rats and lizards. The name of Toddy-Cat has 
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reference to an almost human frailty displi^ed by some of these 
animals, in Ceylon and the south of India the natives are in the 
habit of suspending vessels from palm-trees in 6rder to collect 
their sap, which, when fermented, is known as " toddy Palm- 
Civets are particularly prone to help themselves to this beverage, 
with the usual results. The arboreal Binturong or Bear-Cat 
{Arcticiis) of North India and South-east Asia, closely related 
to the falm-Civets, is of special interest, for its powers of climb- 
ing are considerably enhanced by the possession of a grasping or 
prehensile tail. 

All the Viverrines so far mentioned pursue their prey either 
on the ground or among trees, but hshes and other inhabitants 



B'lg. 310 — Mampalon {Cynogale lieHuetti) " 

I 

of lakes and rivers are not exempted from the attacks of animals 
belonging to this rapacious family. An interesting case is afforded 
by the Mampalon \Cynogale) of Borneo and Sumatra, an otter- 
like creature with sharply-pointed teeth and ])artially webbed feet 
(fig. 310). An expert swimmer, its food chiefly consists of fishes 
and other aquatic forms, but its resources appear to be consider- 
able, for it is said to climb well, and birds must be added to its 
extensive dietary, which is also believea to include fruit. 

The Mangoustis include those Viverrines which are most 
unlike the Felida:, and the most familiar species are those char- 
ticteristic of Egypt and India. Their food consists mainly of 
small four-footed animals, birds, and snakes, and though they are 
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susceptible to the po\on of the last-named animals, their extra- 
ordinary activity generally saves them from being bitten. Allusion 
has elsewhere been made to their fabled knowledge of vegetable 
antidotes to snake-bite, which rests upon no foundation in fact 
The Crab -eating Mangousti {Her/>esles urva) of South-east 
Indip, Further India, and South China, is said to be semi-aquatic, 
and to feed upon frogs and crabs. 

Hy.i<:na Family 

The Carnivores .so far dealt with prey upon living animals, 
but nothing is wasted in nature, and scavengers are needed to 



Fi^. 311.— Spotted or Laughing Hysna \Hyerna crwufn) 


deal with carrion. To this category belong the unsavoury 
Hytenas (fig. 31 1), though they also attack the more defenceless 
mammals. Their specialized teeth are eminently adapted to a 
carnivorous diet, and with this specialization goes a reduction in 
number, as in the Cat Family, though in this case the reduction 
has not gone quite so far, there being thirty-four teeth as against 
thirty in the latter family. So powerful are the jaws of H)ijenas 
that they can negotiate skeletons which have been picked clean 
by other animals, and swallow large quantities of bone in order 
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to extract the nutriment from it Regardi^ this propensity Sir 
Samuel Baker remarks (in Beasts and Their Ways): “The 
bone -cracking power of this animal is very extraordinary. I 
' cannot say that it exceeds the lion and tiger in strength of jaws, 
but I can safely assert that both those giants of the feline tribe 
will leave bones unbroken which a hyaena will bite in halyes. 
Its powers of digestion are unlimited; it will swallow a large 
knucklebone without giving it a crunch. It will crack the thigh- 
bone of a wild Jsuffalo to obtain the marrow, and will swallow 
either end immediately after.” 

The Earth- Wolf or Aardwolf {Protc/es) of South Africa is a 
very interesting e.xample of a .specialized hya:na which has taken 
to burrowing (.see vol. i, p. 92). The teeth of adult specimens 
are of peculiar character, for the cheek-teeth are all much alike, 
and sepanited by wide intervals. Their crowns arc small and 
pointed, in adaptation to the food, which is said to consist largely 
of white ants, though no doubt carrion and various small creatures 
also form part of the diet. The late Mr. A. U. Bartlett, for many 
years Superintendent of the Zoological Gardens in Regent’s Park, 
after an earth -wolf “had refused pigeon, rabbit, beef, mutton, 
boiled and raw and chopped in a sausage -machine, and bread- 
and-milk”, at last succeeded in feeding it on “nice fat tripe, well 
boiled in milk”, which suggests that the creature’s natural food 
is of a savoury nature. The study of the first or milk-teeth of 
•he Earth-Wolf brings to light a most interesting case of the Law 
of Recapitulation (sec pp. 9 and 29), for here we find a clear 
distinction between premolars and molars, while .shear-like flesh- 
teeth or carnassial-c are present This aiid other anatomical 
facts clearly prove that these animals are descended from forms 
which re.sembled ordinary hyaenas in structure and habits. 

Dog Family 

This section of the Carnivora, which includes Dogs, Wolves, 
Jackals, Foxes, and the like, best represents the average features 
of the order. The structure of these forms is clearly adapted to 
the flesh-eating habit, but their teeth and claws are not specialized 
as weapons of offence to the same extent as the corresjxtnding 
organs of the Felidae. Thus the canine and carnassial teeth are 
well-marked (fig. 312), but not so prominent »s in^t-like forms, 

. T iLr-tnKnJl PilWllC lilbf AMT ^ 
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I* IK Jisi— i.Jaws lit l)u)j w, Molars. /Ml, Pnriitolais ; <*4 Lariiassial ; 
Canines: i. Incisors Skull of Thylaciiius. Note in fig. ] (representing the 
front-teeth of '1 hylacinus) the four iiii isois in the iippei, and three in the lower j.iw 


and the blunt claws are not callable of being drawn back into 
sheaths. As might be expected, the teeth are more numerous 
than in the latter group, their total being generally forty-two as 
against thirty. Although some of the dog-like animals are carrion- 
eaters to a greater or less extent, the pursuit of living prey is the 

rule, and the actions 
of dogs in a fox-hunt 
exemplify, * under 
artificial conditions, 
the normal condi- 
tion of such ani- 
mals in a state of 
nature. That is to 
say, a number of 
individuals co-op- 
erate together, and 
the ipiarry is tracked, mainly if not entirely, by means of the 
sense of smell. All sorts of Wild Dogs, Wolves, and Jackals 
hunt together in jxicks, trusting mainly to their noses, and 
everyone will recall instiinces of the kind related in books where 
the Wolf plays a conspicuous jKirt in the narrative. W. P. Lett 
(in a section of The Game of North America) gives the 
following very good example of the clever Lictics pursued by 
wolves: — "The Madawa.ska River, which was once, so far as 
unrivalled natural be<iuty could make it so, the rushing, foaming 
queen of Ottawa’s peerless tribufciries, has along its turbulent 
course many rapids and chutes of wondrous grandeur and beauty. 
One of those chutes, about one hundred miles from the city 
of Ottawa, is ciilled the Wolf PorUige. It was so named on 
account of the wolves chasing deer into the water at that point 
during winter. The hunted deer were in the habit of rushing 
into the rapids to escape the fangs of their sanguinary pursuers. 
In aitching the deer at the Wolf Portage, the wolves displayed 
much cunning. When a deer took to water at the head, it was 
({uickly carried over the rough chute and down the rapids into 
the gradually narrowing, ice-enclosed glade or channel at the foot 
Just at the spot where the current drove it against the ice, under 
which it would immediately be whirled, a number of the wolves 
stood on the ice, and the instant the deer touched its edge it was 
seized by' th§ fierce and hungry animals, dragged out upon the ice, 



A PACK OF WOLVES HUNTING 

The Common Wolf (Cn^/ts iufitts) ranges* ‘over the cold and 
temperate parts of the northern hemisphere, and was formerly 
abundant in Britain— the last surviving Scottish individuals being 
killed in 1743, and the last Irish ones even later (? about 1770)- 
Thc wolves of Enghand are said to have been finally exterminated 
during the reign of Henry VII. During winter these ra|>acious 
carnivores associate themselves into p.'icks, and hunt their prey 
systematically during the night. These aggressive proceedings 
are carried out with that kind of skilled division of labour which 
is characteristic of many social animals. And as in nocturnal 
flesh-eaters generally, the sense of smell is very strongly developed, 
constituting the chief means by which prey is tracked. 
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and devoured. In the early lumbering days upon the Madawaska 
the skeletons of deer could always be seen in winter lying on the 
ice at the foot of the Wolf Portage.” 

Foxes differ in many ways from the other members of the Dog 
section, hunting, for example, “on their own", and not in packs. 
Another well-known peculiarity is the habit of living in burwws 
which have either been excavated by the animals themselves or 
else are the appropriated homes of other species, such, for e.xample. 
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fig. 311. Vi/c.uha [Lrtgottowus fricfnniitcf^ fns) 


in this country, as the Ixidger. Cases are also known where 
foxes share the tenancy with the original proprietors, not always 
to the advantage of the latter, as the following example will show. 
The commonest mammal of the South American pam|}as is the 
burrowing rodent called the Vizcacha {Laj^osiomns trichodactylus) 
(fig. 313), which lives in lai^e communities known as vizcacheras. 
A kind of fox, the Aguarachay {Cam's yJsaro’), inhabits the Scime 
regions, and his behaviour towards the Vizcacha is best described 
by quoting the graphic account given by W. H. Hudson {T/ie 
Naturalist in La Plat(i )\ — “The fox takes up his residence in 
a vizcachera, and succeeds, after some quarrelling (manifested in 
snarls, growls, and other subterranean warlike sounds), in eject- 
ing the rightful owners of one of the burrows, which forthwjjh 
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becomes his. Certiiinly the vizcachas are not much injured by 
bein}^ compelled to relinquish the use of one of their kennels for 
a season or permanently, for, if the locality suits him, the fox 
remains with them always. S<x)n they jjrow accustomed to the 
unwelcome stranjjer; he is quiet and unassuming in demeanour, 
andi often in the evening sits on the mound in their company, 
until they regard him with the same indifference as they do the 
burrowing owl. Hut in spring, when the young vizcaihas are 
large enough to leave their cells, then the fo.x^makes them his 
prey; Jind if it is a bitch-fox, with a family of eight or nine young 
to i)rovide for, .she will grow .so bold as to hunt the helpless 



Fir J14 - The White or Arctic Fox (Oix/r /aga/ns) 


quarry from hole to hole, and do kittle with the old onfes, and 
carry off the young in .spite of them, so that all the young animals 
in the village are eventually de.stroyed.” 

Foxes furnish good examples of coloration which harmonize 
with the surroundings, and in this case serve a double purpose, 
rendering the animals inconspicuous both to their enemies and 
to their prey, illustrating, therefore, to speak technically, both 
protective general resemblance and aggressive general resemblance. 
The Arctic Fox {Caftts lagopus) (fig. 314), presents this peculiarity 
in a way which is not infrequent among the inhabitants of the 
colder parts of the globe, varying in colour according to the 
s^on. * In summer it is of a gray-brown hue, with a bluish 
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sheen, which explains the term “blue fox" so often met with in 
accounts of polar voyages, while in winter it is of a snowy-white. 
Desert animals make an approach to the desired end of invisi- 
* bility by means of a uniform fawn or buff colour, and this is the 
case with the little Fennec (Cam's zerda), a long-eared fox in- 
habiting the Sahara (sec vol. i, p. 93). * 

Bear Family, &c. 

The last great section of the terrestrial Carnivora is the one 
which includes Bears and many allied forms. Bears are for the 
most part very mixed feeders, but the Polar Bear (l^rsns antos), 
which is the largest of them, is essentially a flesh-eater, though it 
devours vegetable matter to some extent, when such is available. 
This huge creature is the biggest living Carnivore, and old males 
have been known to attain a length of over 8 feet and a weight of 
some 900 pounds. To maintain so vast Ji bulk means an enor- 
mous quantity of food, regarding which Sergeant Francis Long 
of the Greely Arctic Expedition remarks (in The Ca 7 ne of 
North America ): — “About four hours each day is the longest 
time he allows himself for rest from his [jatient and persevering 
search for food, for his cavernous maw and his voracious a})|X‘titc 
tax his skill and time to keep them supplied with fish and flesh. 
In his hunt for game the night as well as day is favourable to 
him, the reflection from the ice at night being sufficient light to 
enable him to sight and steal upon his prey. The seal is the 
chief source of food for the Polar Bear, though he also preys 
u|)on the walrus and on various fishes.” Unlike the Arctic Fox, 
the Polar Bear is always white or yellowish white, and indeed a 
change of colour is unneces.sary, for he spends his whole time 
surrounded by snow and ice. This must be looked upon as a 
case of aggressive general coloration pure and simple, for, c.x- 
cepting man, this monarch of the Arctic regions has no enemies 
capable of injuring him. In stalking such wary creatures as .seals, 
the inconspicuousne.ss due to the white coloration is invaluable, 
and the Bear is also greatly helped in this pursuit by the fact that 
the under sides of his feet are thickly covered with fur, which not 
only prevents slipping, but also conduces to noiselessness. Marked 
powers of swimming and diving confer additional advantages. 
Many accounts have been given of the cunning with which this 
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animal hunts his chief victim, the seal, and the following quo- 
tation from S, M‘Tavish (in The Big Game of North America) 
will serve as a typical example: — “Their modus oferandi of 
catching the seal is as follows: — The bear having discovered a 
seal asleep on an ice-floe, immediately slips into the water if he 
hitAself be on another ice-floe. Alternately diving and swimming, 
he approaches close to his victim. Before his final disappearance 
he seems to measure the intervening distance, and when he next 
appears it is alongside of the seal. Then, either getting on the 
ice or pouncing upon the seal as it tries to escape, he secures it” 
'I'hose who wish a grajjhic account of the Polar -Bear at home 
should pcru.se Nansen’s Farthest Norths though this will be 
superfluous advice for most readers. 

Passing by the Raccoons and other Small Bears, which are 
for the most part as omnivorous as the majority of their larger 
relatives, the last group of allied terrestrial Carnivores to demand 
attention is that of the Weasels, which are among the most blood- 
thirsty animals in existence. The largest .species, and one which 
approciches the Bears in many points, is the Glutton or Wolverene 
fjido luscus), an inhabitant of the northerly parts of both Old 
;ind New' World.s. The scientific name of this creature is a very 
good example of the absurdities often involved in such terms. 
The generic appellation, Gitlo (Lat. g/utton), is not very happy, 
and distinctly slanderous, for though the animal is decidedly 
voracious it has no claim to be picked out as a type and emblem 
of excess in the pleasures of the table, though the old zoologists 
thought .so, and promulgated some extraordinary stories on this 
head, some of which betray a lively though somewhat coarse 
imagination. But the .specific name, luscus (Lat. one-eyed), is 
absurd in the extreme, and was given because the first described 
specimen had accidentally lost an optic. The Glutton is a noted 
destroyer of many .sorts of game, and has even been known to 
attack reindeer. Significant testimony to his destructive powers 
is found in the fact that in Norway the same government premium 
{i.e. 20 kroner = about 2s. 6d.) is paid for his carcass as for that 

of a bear or wolf. He can both climb and swim, and has a well- 
earned reputation for cunning, his talents in that direction causing 
great annoyance to the North American trappers, whose traps 
he systematically robs. The depredations of the Glutton are 
much aided by his dull-brown colour and stealthy nocturnal habits. 



THE POU\R BEAR {Ur^ arctos) 

The Polar Bear is one of the most rapacious of the flesh- 
eating mammals, its food consisting largely of seals. These 
arc often captured as the result of combined running and patience, 
the bear waiting for them at the holes in the ice where they rise to 
breathe. Great powers of swimming and diving largely help in the 
pursuit of this kind of prey, as also of fishes. The Pohar Bear is 
remarkable in being .ilways white, or yellowish-whitc, in colour, 
being thus rendered inconspicuous among its surroundings of 
ice and snow. This is a good instance of (ieneral Aggressive 
Coloration, whereby an animal which h.irmoni/es ' with the hue 
of Its surroundings is enabled to approach its prey without exciting 
premature suspicion. 
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all of which help to secure inconspicuousness. Chapman, in fr/4/ 
Norway, writes: — . . One may easily spend yeacs in the haunts 
of the Glutton without obtaining (in summer) so much as one 
glimpse of the beast; for he is strictly nocturnal and of secretive 
habit, lying up all day in the wildest and most rugged corries and 
rocky glens. I have never myself met with the least evidence 
of his existence, though hunting forests where wc knew him to be." 

BA»(5iiR, Wk.\sel, and Otter Family 

The most typical members of the present family are the 
Weasels, Stoats, Sables, Polecats, and their allies. The Common 
Weasel {Muslela vulgaris) is an abundant British mammal, the 
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extreme alertness of which has become proverbial. It relentlessly 
pursues all manner of small animals, which vainly seek shelter 
in narrow crannies or convenient crevices, for their enemy’s long 
neck and narrow sinuous body, with short limbs (see vol, i, p. 97), 
enable him to follow almost anywhere, while the quarry is rarely 
his match in point of speed. Added to this, the Wea.sel is a 
good climber, so that brooding birds, nestlings, and eggs form an 
important item in his bill of fare. A number of these animals 
often hunt tc^ether, co-operating with much intelligence for«a 
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common end. Our native Polecat {Mustela putorins) is practically 
a lai^e and relatively clumsy Weasel, which aims at larger game, 
while the Martens, such as the Pine Marten {Mitstela martes), 
a British species, may be looked upon as arboreal Weasels, though 
they also hunt upon the ground. Mention may be also made 
cf the Stoat or lirmine {Mustela emiinea) (figs. 315 and 316), the 



Fig 316 — Stoals Muilcla emtiHca) in wintci drtss 


characters of which are well expressed by one of its common 
names, that of "greater weasel". This is one of the forms >^hich 
change th<;ir coats at different times of the year, the winter fur, 
commonly known as “ ermine ”, being white except for the tip of 
the tail, which remains jet black. In this way the Stoat is rendered 
inconspicuous to its prey both in summer and winter. 

The Minks of North America, Europe, and Siberia are best 
described by calling them Water - Polecats, fitted for a semi- 
aquatic life by the possession of dense fur, small ears, and partly 
webbed feet. They feed on fish, water-birds, and the like, but 
also range over the ground which adjoins the banks of their native 
rivers. From them we naturally pass to the Otters, which form 
a thorough-going aquatic group of the weasel family. The 
Common Otter {Lttlra vulgaris') (fig. 317) is too well known to 
nqpd much description, and it need only to be noted that its shape 
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and structure are eminently adapted to the pursuit and capture 
of fish, which constitute its main food. The flattened head and 
spindle-shaped body, continued into a gradually tapering tail, 
flattened from side to side, offer as little resisuince as possible to 
swift passage through the water, and friction is further reduced 
by the dense smooth fur. The feet tu^e completely webbed,*and 



3^7 — <^ter \Lwtrn vuigafn) 


arc largely assisted in their work of propulsion by the jKiwerful 
tail. The sli[)pcry prtiy, once overuiken, has lU) chance of 
wriggling away from between the sleiuler bcickwardly - curved 
canines and the sharply-curved teeth by which these arc succeeded. 
Having secured his fish, the Otter holds it between his fore-paws 
and beginning at the head eats steadily backwards, that is, if 
really hungry; but in many cases this animal appears to merely 
hunt for the pleasure of it, and is content with a single bite ju.st 
behind the back of the fish’s head. A small South American 
species, the Feline Otter (Lutra felina), affects a marine habit, 
and haunts the Qords which abound on the western side of that 
region. This prepares us for the existence of a thoroughly marine 
species, the Sea Otter {Latax lutris\ a large form inhabiting 
the North Pacific coasts, and attaining the length of 3 ^ct 
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exclusive of the tail. This creature looks as if it were on the 
way Do Ixicome^a .sea-lion, especially in the appearance of its head 
and flipper-like hind-limbs. Its food differs entirely from that 
of ordinary Otters, as the blunt crushinjj back-teeth suggest, 
regarding which H. W. Mlliott writes (in yin Arctic Province ): — 
“ Instead of being a fish-eater ... it feeds almost wholly upon 
clams, crabs, mussels, and echinoderms or ‘sea-urchins’, as 
might be inferred from its fKiculiar flat molars ...” * 

We have now {Kissed in review the most important types of 
the [)urely llesh-eating forms of the Terrestrial Carnivores or 
Fissii’KDIA, and gained .some idea of their food and manner of 
feeding, before leaving them, a remark is neces.sary on the 
{lowers of .sen.se with whicn they are endowed. Many of them, 
as the cat-like forms, have exceedingly acute vision, and their 
forwardly-directed eyes enable them easily to see prey in front 
of them. In many cases, too, considerable powers of hearing 
are pos.ses.sed, and in order that they may perceive sounds in 
front of them the ears arc usually forwardly directed, for it is 
well known that the function of the external {irojection to which 
the term “ear” is popularly applied has, as its chief function, 
the determination of the direction from which .sounds [irocccd. 
Many Carnivores track their prey by means of the sense of smell, 
anti this is [larticularly true of the dogs and their allie.s. Otters, 
too, arc c.vceedingly well tmdowed in this respect. Nor must^ 
the sense of touch lie forgotten, to which the characteristic 
“ whiskers ” largely minister. 'J'hc.se structures are of the greatest 
use in enabling {in iinimal to perceive the presence of obstacles, 
and to judge whether a noiseless passage can be made through 
gaps in undergrowth and the like. Such knowledge is the more 
important, since the terrestrial Carnivores pursue their prey chiefly 
during the night, and in many cases even a slight noise would 
be fatal to success. 

Several of the animals already mentioned are partly or entirely 
aquatic in habit, but the members of the second great group of 
I'le.sh-eating Mammals, i.e. the Aquatic Carnivores or Pinnipkdia, 
are highly specialized for life in the water. They include Seals, 
Sea- Lions, and Walruses. 

In all these aquatic Carnivores the body is shaped so as to 
promote rapid progression through the water (see vol. i, p. 99), 
an(|. this is especially true of the Seals proper, which approach 
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most nearly to the fish-like form. The* limbs, too, are modified 
into webbed paddles, the hinder pair of which are fairly free in 
the Sea-Lions and Walruses, but in the Seals are backwardly 
directed and bound up by skin with the tail so as to form a 
powerful propeller, eminently adapted for rapid swimming, but 
quite unsuited for movement on land, so that while a walru9 or 



Fig 318 —Skulls uf Seal (A* anti Waliit^ ( 11 ) 

sea-lion can shuffle along fairly well on the ice, a seal 
has much greater difficulty in getting along when re- 
moved from the water. The teeth of these marine 
Carnivores arc in a very interesting condition, having 
a direct relation to their food. Sea-Taons and Seals 
live chiefly on fish, and possess numerous .sharply- 
pointed teeth, well adapted for .seizing and holding such slippery 
prey (fig. 318). Walruses mainly subsist on burrowing .shell-fi.sh 
and other creatures living in mud or sand, and they have a [Kiir of 
long, tusk-like canines in the up|x;r jaw, by which their fiwd can 
t)e dug out of the sea-bottom (fig. 318). Tht;se tusks continue 
to grow throughout life, and in accordance with this do not lajDer 
into fangs within the jaw, but {)roject far beyond it. The re- 
maining teeth are blunt and simple, their form fitting them for 
crushing the food. 



PORPOISES, DOLPHINS. AND WHALES (Cetacea) 

The Mammals included in this class have become very much 
specialized to fit them for an aquatic life, and, although their 
remote ancestors were undoubtedly terrestrial, they have no very 
near allies among existing land animals. The body is fish-shaped, 
ind suited for rapid progression through the water, propelled by 
iie powerful tail, which is broadened out horizontally (not verti- 
»Ily, as in a fish). The fore-limbs are paddle-like flippers, without 
ixternal trace of digits, and the hind-limbs are only represented^(in 
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some forms) by a couple 'of little bones embedded in the muscles, 
and not to l>e ^een from the outside. 

All Ccuiccans are carnivorous, and as, in feeding, they are 
fibligcd to o[)en their mouths under water, there would be constant 
danger of choking were there not some special arrangement for 
preventing water from getting into the lungs. Such a contrivance 
is here found in the top of the windpijje, which is drawn put into 
a long cone that fits into the internal opening of the nasal passage, 
b'ood can jiass kick on either side of this cone to the gullet, while 
at the same time there is no interference with breathing. 

Cetaceans are divided as a matter of convenience into Toothed 
Whales {Odontofcli) and Toothless Whales {A/ystacoceli), which 
will lie considt'red separately, as their food and way of feeding 
differ considerably. 

TOOTHKD WHALES (OliONTOCETl) 

Here are included the Dolphin and Sperm-Whale Familie.s, the 
members of which vary from 6 to 90 feet in length, 

Doi-i’hin Family (Dclphinida ). — The most familiar animal 
belonging to this family is the Porpoise {J^hocana cmmininis) (see 
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vol. i, p. 100), which is about 6 feet in length, with rounded 
snout, and jaws armed with about one hundred small sharp, 
pointed teeth. These are well suited to the nature of the food. 
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consisting chiefly of hsh, which porpoifies not only catch in the 
open sea, but also pursue into estuaries. , 

The highly predatory Killer- Whale {Orca gladiator) (fig. 319) 
may be as much as 26 feet long, and resembles in appearance 
a .gigantic porpoise. Its propensities are described by Vogt (in 
The Natural History of Mammals) in the following words: — • 
“They^are the absolute tyrants of the seas, and work fearful 
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slaughter among the seals and among other cetaceans. Eschricht, 
a Danish anatomist, who has occujjied himself with the Cetacea 
in a very thorough manner, found a seal sticking in the throat of 
a killer- whale of about 16 feet in length, which had owed its death 
to its voracity, since it was prevented from swallowing this seal by 
having thirteen porpoises and fourteen seals already engulfed in 
its stomach! The shoals of killer- whales attack the largest ceta- 
ceans, and vanquish them. They are said to be peculiarly fond 
of* the fat, fleshy tongues of the whalebone whales.” One would 
rather like to know the collective bulk of the thirteen porpoises 
and fourteen seals mentioned in the preceding extract. The teeth 
of the killer-whale are all placed in the front of the mouth, and are 
forty-four in number. They arc of conical shape and backwardly 
curved. 

The Common Dolphin {Delphinus delphis) (fig. 320) is rather 
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larger than the Porjxjise ’(about 8 feet in length), and its snout 
is drawn out ii^to a short flat beak. The small sharp teeth are 
often more numerous than those of the Porpoise (up to 200). 
The habits of this creature arc thus described by Vogt (in the 
work above quoted) : — “ This dolphin is the animal celebrated by 
fabulists and depicted by artists, the friend of man, who carries 
the singer Arion to the shore, renders aid to the shipwrecked, 
draws the chariot of Galatea, and carries the Tritons and nymphs 
of the court of Amphitrite. Unfortunately all thi^se virtues have 
discippeared under the critical eye of modern observers, who no 
doubt recognize in the dolphin an agreeable travelling companion, 
who shortens the idle hours of a long sea-voyage by his graceful 
starting round the ship, but who, at the same time, is a terribly 
voracious ravager, who pursues with fury the fastest swimmers 



—Freshwater Dolphin iPlntnmttrt Cani^fna) 


among fishes, herrings, mackerel, water-snakes (Pe/aviides), and 
flying-fish, darting about after them with the most rapid and 
abrupt changes in his course, and hastening up to a mortally 
wounded comrade, not to render him succour, as the ancients said, 
but to devour him.” 

Fresh-water Dolphins, feeding entirely on fish, live in the rivers 
of India (Ganges, Indus) and South America (Amazon, Orinoco), 
and in these the snout is prolonged into a long narrow beak, 
armed with small teeth, and admirably adapted for seizing and 
holding the prey. The species figured (fig. 321) is the Gangetic 
Dolphin or-Susuk {P/a/antsia Gangetica), which is about 6)4 feet 
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long, and possesses something like thirty-two sharp conical teeth, 
curved slightly backwards. Those near the front of the beak are 
larger than the others. 

Sperm-Whale Family ij^hyseteridee). — The largest species 
here is the gigantic Sperm-Whale or Cachalot {Physeier macro- 
cephalas), that rivals in size the toothless whales, attaining as it 
does a length of 90 feet, of which about one- third is taken up 
by the 'huge squarish head. No traces of teeth are to be seen in 
the upper jaw yf the adult, but at an early period of existence 
vestiges of them are found in the substance of the gum, though 
not visible externally. The lower jaw is armed with numerous 
(twenty to twenty-five each side) massive conical teeth, which fit 
into pits in the upper jaw. The food is said to consist entirely 
of squids and cuttle-fishes, and huge specimens of the sort are 
probably more numerous in the open sea than is generally 
imagined. 

TOOTHLESS OR WHALEBONE WHAT.ES (Mystacockti) 

This sub-order includes the largest animals now existing on 
the earth, sperm-whales alone excepted. The longest of them (up 
to 1 15 feet) is the Rorqual of the North Atlantic (lialeenoptcra 
loops), but the most familiar species is the Right or Greenland 
^ Whale (Daleetia mysticetus), which, though not so long (80 feet), 
is much more bulky, and may attain a weight of almost 1 50 tons. 
At a very early stage in its existence teeth begin to form in the 
jaws of this animal (as indeed in the toothless forms generally), 
but they never cut the gum, and later on all trace of them is lost 
No doubt the ancestral forms from which these whales are de- 
scended possessed numerous teeth resembling those of dolphins 
and porpoises, and these useless vestiges are reminiscent of the 
toothed stage in the history of the sub-order. They afford one 
of the most striking instances known of the Law of Recapitula- 
tion, in accordance with which the development of the individual 
presents an imperfect epitome of the evolution of the species. 
It is one of the most extraordinary facts in the whole of zoology 
that these enormous toothless creatures mainly depend upon very 
minute animals as food. Floating upon the surface of the ocean 
are vast assemblages (known as “ plankton ”) of small molluscs, 
crustaceans, &c., and it is these which are the chief diet of the 
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Greenland Whale. The teeth have here been superseded in 
favour of a complex arrangement <for catching the diminutive 
prey, and at the same time for getting rid of the superfluous 
water. 

The capture-appratus consists of some 400 horny plates, 
coni[X)sed of the so-called whMonc, which grow down from 

the roof of the mouth, and are ^aced in 
two rows, with their flat surfaces directed 
to the front and back. The curved inner 
edge of each plate is frayed out into innu- 
merable slender fibres, which, with the help 
of the tongue, constitute a very effective 
strainer (fig. 322). When a sufficiently 
lai],^c mouthful of food has thus been sepfi- 
wted from the sea-water, it is swallowed, 
and the straining process recommences. 

, , When it is mentioned that a Greenland 

fl, Ihret [.litfs mh, showing , , - , • f 'L 1 M 

frayd iiigis: a painif plate Whalc 00 fcct long IS fumished with 

from the fruiiti m 111 r 1*1^1 

some 32 cwt. of whalebone, of which the 
largest plates arc as much as 15 feet long, the huge size of this 
strainer will be appreciated. 



Fig yn-llakroor 
Whalclxnu' 



THE HREENLANI) OR RIGHT WHALE 

• \^nal(tna mystiicius) 

Whales, the largest existing aiiini.ils, ate not fishes, as often 
suppnittl, Init iiifinitnalb which have become highly specicih/ed 
in relation to an acpiatic cMsteiicc. lienee the fish - sha|ied 
body, the paddle-like fore-limbs, and the piopulsivc t.iil, which 
is flattened from above downwards and not, as in a fish, from 
side to side. The hind-liinbs are only represented by insig- 
nificant vestiges not visible cslctn.dly. A thick layer of fat 
blubber*') is piescnt below the skin, compensntiiig for the 
prac'iical absence of a hairy e\tcrn«il covering. 'I'lie (treenland 
Whale, which is the species here depicted, may be over 8o feet 
long and nearly 150 tons in weight. In spite of its huge size 
It feeds 1 liicily upon the* shoals of small and minute animals 
which abound on the surface of the ocean, these being stmined 
thiough the fringed plates of ‘‘whalebone’*, 01 baleen, which 
h.ing down from the roof of the mouth. Whales rise from time to 
time to the surface to breathe, a double “blow'-hole” on the top 
of the head representing the nostrils. The “ spout ” does not 
consist of water that has passed through the mouth, but is 
simply the condensed moisture of the breath. The mouth can 
be kept under water without feai of choking, for the top of 
the windpipe projects into the back of the nasal passages, and 
food can pass into the gullet on either side of it. 
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CHAPTER II 


THE FOOD OF ANIMALS— INSECT-EATING MAMMALS 


Two orders of Mainmuls include animals which feed chiefly 
on insects, /.<•. the Insect-Eaters proper (Insectivora) and Bats 
(Cheiroptera). 

INSECT-EATERS I’ROPliR (Inskctivora) 

1 The Insectivores, or Insect-Eaters 'proper, are Mammals of 
small or even diminutive size, which abound in all {xirts of the 
world cxc(ipt South America and th(; Australian rejjion, .'ind are 
adapted for [)rcyin,tf upon insects, worms, snails, &c., while the 
larger species also attack small vertebmtes such as frogs and 
mice. Since food of suitable kind is to be found not only upon 
the ground, but also within it and among the trees above it, as 
also in the waters of the land, we might expect to find, as among 
the Carnivores, burrowing, climbing, and aquatic specie.s, in addi- 
tion to forms which run or .spring, and this is actually the case. 

As becomes Mammals of small size, pursuing prey of corre- 
sponding dimensions, the Insectivores are creatures of lowly 
organization, and their intelligence is small as comjKired to that 
of such highly specialized forms cis the Carnivores. Their prey 
being for the most part very active, it 
is not surprising that they also, as a 
rule, fxjssess the jwwer of rapid move- 
ment, and, .since they hunt mostly by 
smell and sight, their pointed heads 
are often produced into a long .sensi- 
tive snout provided with tactile hairs, 
and bearing the nostrils at its tip. 

On the other hand, both eyes and ears are often small, and some- 
times extremely so. Most of the species do their hunting at night 

The numerous teeth (fig. 323) differ strikingly in character from 

n 



323>-'Skull of an Tiitert-eating Mammal 
(Hedgehog) 
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those of the Carnivora, exhibiting no prominent tusks or scissor- 
like carnassials. Doth incisors and canines are small and pointed, 
while the crotvns of the cheek-teeth are studded with sharp cusps. 
Taken as ii whole the teeth form a very effective trap for insects, 
and the like. 


^ The Common Hedgehog {Eriitaceus Europo’iis) (fig. 324) is 
a good type of the larger and more .sluggish species. Its snout 



Kig. jt4.— Hedgehog RriHtUt'ux Enro^trus' nnd Young A rolled up imlivuliial is shown fin the light. 


mi.xcd, including not only in.sccts, worms, and other invertebrate.s 
but also frogs, snakes, eggs, small birds, mice, and fruit. Re- 
garding its ability as a mouser Carl Vogt .sjieaks as follows; — “The 
movements of the Hedgehogs are sluggish, their steps almost 
tottering, their gait clumsy but noiseless; yet, in spite of this ap- 
parent clumsiness and helplessness, the hedgehog is perhaps even 
better fitted for hunting mice than the cat. It patiently lies in wait 
for the nimble rodent at the entrance of its hole, and even shows 
some skill in reaching its prey by burrowing. The noise which 
it makes in barns, cellars, and stables perhaps helps to drive away 
the mice; so much, at least, is certain, that places visited by 
hedgehogs are soon freed from rats and mice and all their 
kindred.” A remarkable peculiarity of the Hedgehog is its im- 
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munity against animal poisons, being quite unharmed, for example, 
by the bite of an adder. It is believed to know, the difference 
between poisonous and harmless snakes, for in tackling the former 
it always begins with the head. 

The Tenrccs of Madagascar are relatives of the hedgehc^s, 
but have longer snouts, and present all dcgn*cs of spininess down 
to the entire absence of prickly structures. They are, moreover, 
of very various size. One of the largest is the Common Tenrec 



Kig. 325 — Common Ti nice [Ceuteffs ecandn/ns) 


{Centetes ecattdalus) (fig. 325), while the sm<ill Rice-Tenrecs 
{Orysorictes) are specially interesting on account of their mole- 
like form and habits. It is a remarkable fact that the nearest 
relatives of the Tenrecs are the Agoutas (Soietwdon) of Cuba 
and Hayti. In the.se both snout and tail arc much elongated, 
and the digits are armed with powerful claws. Although little 
is known of their habits, it is believed that they .subsist entirely 
upon animal food. 

The Golden Moles {Chrysochloris) (fig. 326) of South Africa, 
so named on account of their iridescent fur, appear to find their 
nearest relatives in the Tenrecs, and not in the ordinary moles, 
as would be naturally imagined. Just as specialization for an 
aquatic life takes place on similar lines in a number of different 
groups, so also in the case of burrowing Mammals adapted for 

the pursuit of earthworms. One marked difference between 
VOL. n. 36 
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a (iolden Mole and an- ordinary mole is found in the structutie 
of the fore-limb, modified in both cases for digjfing. In the 
former there are but three digits, all armed with powerful claws; 



Fig 12b — (5oldt*n Mole ifny\ihfiMnn 


while in the latter there arc five digits, similarly provided, and the 
general appearance is hand-like. 

The Shrews include the .smallest, most typical, and most 
widely distributed members of the order. They are exceedingly 
active creatures, and the more tyjiical species, such as the Garden- 
Shrew {Crocidiira aranea) (fig. 327), hunt chiefly on the ground, 
though they are also able to climb. Burrowing Shrews {Anuro- 
sorex) have been described from Central Asia and Assam, 
resembling miniature moles in appearance, and probably with 
similar habits. A number of Shrews are also more or less 
modified for an aquatic life, and these exhibit a series of increas- 
ing specializations. The Water- Shrew i^Crossopus fodiens) of 
Great Britain is a small-eared species which, though not web- 
footed, is helped in swimming by stiff hairs which project from 
the under-side of the tail and lower surfaces of the feet The 
Swimming-Shrews (Chimarrogale) of the Himalayas and Borneo 
are distinguished by very similar characters. A large amount 
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of adaptation to an aquadc life has taken place in the Web-footed 
Shrew {Neeiogale) of Thibet, where the feet are Miebbed, and the 
external ear-dap is entirely absent The laterally-flattened tail 
is a powerful aid to swimming. These do not e.\haust the list 
of aquatic insectivores, 
though the others to be 
mentioned do not belong 
to the family of Shrews. 

They are the Uesmans 
{Alyoga/e), which are in- 
cluded in the Mole Fa- 
mily; and the African 
River - Shrew ( Polanio- 
ga/c), which is the type 
of a special family. 

The Desmans are 
rem.'irkable web - footed 
forms, in which the snout 
is in the form of an elon- 
gated sensitive proboscis 
used for grubbing alx)ut 
in holes and corners 
which harbour inscct-larvse and other small creatures. The well- 
developed swimming tail is long, scaly, and flattened from side 
to side. One sjxjcies, the Russian Dc.sman {J^Iyogale moschatd), 
which inhabits South-east Russia, attains the length of i6 inches. 
A smaller species, in which the tail is not flattened, is found in 
the streams of the Pyrenees. 

The African River- Shrew {^Potamogale velox), an inhabitant 
of the West African rivers, finds its nearest relatives in the 
Tenrecs, and may be looked upon as the otter of the Insectivores. 
It is a large form, reaching a length of 22 inches, of which 
about half is formed by the powerful laterally- flattened tail, by 
means of which it is enabled to swim with great rapidity. Not 
unlike a small otter in appearance, it resembles that animal in 
regard to its food, which consists of fish. 

Some unfamiliar burrowing Insectivores have already been 
mentioned; the Moles proper and their allies may now be noticed. 
Certain small species of the Mole Family which have affinities 
with the Shrews are called on that account Mole-Shrews. T^e 



327 -CarJen-Shrew fCnHtWnm 


36 


THE FOOD OF ANIMALS 


most typical of these {(Jrotrichus) are found in Japan and North 
America ,328). These resemble moles more than shrews, 
but the reverse is the case with a species {Urqpsilus soricipes) 



found in Thibet. The Common Mole {JFalpa Jit/rcpo’a) (fig. 329) 
is a very good instance of an animal which has taken to under- 
ground life, and has become modified in accordance with its 
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are reduced to a very minute size, and are not very perfectly 
formed. 

The Star-nosed Mole (Condylura cristatd) (fig. 330) of North 
, America differs from the common sort in having a much longer 
tail, while the snout is 
encircled by a number 
of sensitive projections, 
which prSbably are of 
use in detecting »prcy. 

The habits of this crea- 
ture resemble those of 
ordinary Moles. 

So far we have 
considered Insectivores ..LA 
which pursue their prey 
‘ by running, burrowing, 
or swimming; but this 
does not c.xhaust the 
possibilities, for there 
are also arboreal forms, 
the Tree-Shrews, and 

leaping species, the Kg. 330,— Slar-noiedMc4e(C«».<,y»n»frr>/«/«l 

Elephant-Shrews. 

Tree-Shrews (see vol. i, p. 84), which, by the by, eat fruit 
as well as insects, inhabit South Asia, and superficially resemble 
small squirrels in appearance, especially as regards the tail. It 
is suggested that this resemblance is a ca.se of the well-known 
phenomenon terme^ mimierv, where a relatively ill -defended 
animal is more or less protected from the attacks of its foes 
by being mistaken for some other creature better able to look 
after itself, or, it may be, possessed of noxious properties. Pre- 
datory animals are well aware that squirrels are exceedingly 
difficult to catch on account of their extreme agility, and it is 
quite possible that the less active Tree-Shrews lead a life of 
greater security on account of their squirrel-like appearance. A 
protective arrangement of the kind is the more necessary since 
the Tree-Shrews, unlike the rest of their order, feed in the day- 
time. 

The Elephant-Shrews or Jumping-Shrews of Africa (see vol. i, 
p. 84) are small nocturnal animals with disproportionately loqg 
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hind-limbs, and in many* cases a proboscis-like snout, which has 
suggested one of the common names. 

BATS (Cheiroptera) 

f The larger Hats are fruit-eaters, but the smaller ones (including 
all the British s^xxics) wage war against winged insects in their 
own element, the air. These Mammals are very similkr to the 
Insectivora in general structure, their most noteyorthy peculiarity 
being the jx).ssession of wings, the structure of which is described 



hig 311 - Head of 1 .ong*lottguc‘d Vampire \Cftn nwjfctgtn) 


in another chapter, but which differ altogether from the flying 
organs of birds. 

A membrane (interfemoral membrane) stretches between the 
tail and legs of a Bat, into the hollow formed by which captive 
.sjxjcimens have been observed to sweep insects before devouring 
them. During flight this membrane is concave towards the front, 
and proliably serves as a means of securing prey. 

A good deal of the food available for animals is to be found 
in crevices and small spaces of various kinds, a good example 
lieing furnished by the honey .secreted in tubular flowers, or in 
floral nectaries of tubular shape, a secretion which often serves 
to attract numerous small insects. In various groups of animals 
the tongue or other mouth-parts have acquired an elongated form, 
enabling them to secure food hidden away in this manner. 
Certain South American Bats known as Long-tongued Vampires 
(%■ 33 1 ) ^ point. In this and a number of other 

cases the name "vampire” is probably slanderous, there being 
no proof of a blood-sucking habit. Observations made on 
captive specimens of some of the species belonging to this group 
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of Bats have shown that fruit is an important article of diet, 
but others are known to feed more or less on insects. This is 
the case with the Long-tongued Shrew- Bat {G/ossopkaga soricina), 
in which the long mobile tongue has a thick and roughened 
end. It is exceedingly probable that this organ is used in 
capturing the small insects harboured in the recesses of flowgrs, 
though this may not be its only use, for in an allied form it can be 



31**— A I.ivctiii Hal \Phylh\touut iPtifmw) 


dexterously employed in scraping aw'ay the pulp of cerUiin sorts of 
fruit. 

.South America is also the home of two species of True or 
Blood-sucking Vampires. These creatures are provided with 
.sharp -edged incisors, well -developed tusks, and cutting pre- 
molars. Darwin actually saw an individual tielonging to the 
larger and commoner species {Dcsmodiis rufus) engaged in 
.sucking the blood from one of his horses. The teeth of these 
creatures are admirably suited for snipping off little bits of 
epidermis, so as to wound the underlying dermis, which is richly 
provided with blood-ves.sels. The stomach of these creatures is 
modified in accordance with the blood-sucking habit, for instead 
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of being a broad pouch .it is a long narrow tube. An arrange- 
ment quite comparable to this is found in other animals which 
have adopted 'the same kind of diet Bates and Wallace both 
accredit the Javelin Bats of South America with the blood-sucking 
habit One species of these {Phyllostoma spectrum) is represented 
in (ig. 332- 
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THE FOOD OF ANIMALS— LOWER MAMMALS OF 
IlSSKCTlVOROUS HABIT— MAMMALS POOR IN 
TEETH Edentata) 


Since more than half the kinds of lanil anini:i]s now livinjf are 
insects, it is not surprisin'^ that these arc larjrcly preyed upon 
by other forms as well as by members of their own class. 

^ Anionjfst the most interesting of insect-eating Mammals, besides 
those just described, are certain members of the peculiar and 



F'R 333- -fireat Ant Eater jubata) 


archaic order Edentata {i.e. Toothless Mammals), rather unfor- 
tunately so called, not because they are all entirely devoid 
of teeth, though this is the case with some, but because front 
teeth are absent, while it may be added that those present are 
very peculiar in structure. Edentates include the Great Ant-Eater 
and the Cape Ant-Eater. The Great Ant-Eater {Myrmecopkaga) 
(fig. 333) is a native of South America, and is one of those animals 
of which it is difficult as a rule to see much in the Zoo, because 
it spends most of its time curled up in the straw. It is sufficiently 
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remarkable in appearance, having long hair and large bushy tail, 
while it walks in a club-footed manner on the outer sides of the 
hands and febt, which are provided with very powerful claws. 
In its native state these are used as efficient tools for grubbing^ 
among ant-hills and stirring up earth generally. The long narrow 
snout is well suited for poking into holes and corners, but the 
method adopted of catching insects is quite different from that 
found in the hedgehog or shrew. Instead of possessing ‘a close-set 
array of small pointed teeth the jaws are absolutely toothless, but 
this deficiency is more than compensated by the presence of a long 
and exceedingly mobile tongue which, being kept constantly sticky 
by means of the secretion of large salivary glands, acts like a piece 
of the best fly-paper. 

The Cape Ant-Eater or Aard-vark {Oryctcropus) is an animal 
about the size of a small pig, which leads a lai^ely subterranean 
life in CajKi Colony, coming out at night to feed. It has powerful • 
burrowing limbs, and, though possessed of teeth, its sticky tongue, 
as in the preceding form, is the means by which ants and other 
insects are captured (see vol. i, p, 137). The same device is found 
in the related Scaly Ant-Eaters or Pangolins (Manis) of Africa 
and South Asia, much smaller animals, which are largely arboreal, 
and which are unique among Mammals in the fact that the body 
is largely covered with overlajjping horny scales (see vol. i, 
p. 138). 

POUCHED MAMMALS (MARSUPtALS) 

Descending a step lower in the mammalian class we come to 
the Pouched Mammals, or Marsupial.s, of which the most familiar 
example is the kangaroo, and which, with the exception of the 
American Opossums and one other form (Ccem/es^es), are now 
limited to Australia and some of the adjacent islands. The 
Marsupials present an interesting example of a group of animals 
which, having been long shut up in a large area presenting a 
great variety of physical conditions, have, in the absence of more 
highly organized competitors, become modified along various lines 
to suit these various conditions. We thus find in Tasmania a 
Native Wolf (Thylacinus), which, in its structure and habits, 
resembles a member of the much higher group of Carnivora 
(.see fig. 312), while the Banded Ant-Eater (Myrwecobtus) is 
adapted foe catching insects much in the same way as the Great 
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recently-discovered member of the }(rQup is the Marsupial Mole 
{Noloryctes) (fijr. 334), a small creature that pursues its way 



Fig. 335. — Spiny Am Eater {Echidna) 


underground like the British mole, which it superficially resembles. 
Yet anatomy shows that these three forms are more closely related 
to one another and to the herbivorous kangaroos than they are to 
the members of any other mammalian orders. 
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EGG-LAYIN<} MAMMALS (Monotremes) 

Australia ^ith New Guinea and Tasmania) is also the home 
01 the very lowest existing Mammals, the egg-laying Monotremes, ^ 
of which there are three kinds, the Duck-Mole or Duck-billed 
Platypus {prnithorhynchus\ limited to the Australian continent, 
and two Spiny Ant-Eaters, of which the commoner. Echidna 
(fig. 335), ranges from New Guinea to Tasmania. Eclfidna, with 
its narrow, toothless snout, mobile tongue, well-developed salivary 
glands, and powerful digging claws, presents an insectivorous type 
of structure with which we are now familiar. 

Compfirison of the various insect-eating Mammals shows that 
similar habits are associated with similar peculiarities of structure, 
and this furnishes a good instance of the same kind of classifica- 
tory pitfall as the one which led the old zoologists, and still leads 
the unskilled observer, to consider the whale as a fish. Natural- • 
ists are now beginning to doubt the propriety of grouping the 
old-world Edentates with those of the new, and it has been pro- 
posed to create a new mammalian order — the Effodientia {i.e. 
Diggers) — for the reception of ixingolins and aard-varks. 
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Birds present many interesting arrangements connected with 
the capture of different sorts of living prey, pursued on or in the 
ground, in the water, or in the air, A familiar negative character 
of these animals is the absence of teeth, a character which, as we 
have seen, is shared by some Mammals. Birds, however, were 
*not always toothless, the most ancient fossil forms known being 
comparatively well off in this respect. As a good example we 
may take Hesperornis 
. 336), from the 
chalk rocks of North 
America, which lived 
at a time when the 
dominant back-boned 
animals were Reptiles. 

It was a large bird, 
measuring nearly 6 
feet from the tip of the 
bill to the ends of the 
toes, and its wings 
were in an undevel- 
oped condition. This, 
however, was fully 
made up for by the 
powerful legs and feet, 

^ , Fig. 336.— Head of an extinct Toolhed Dinl 

which made it an ex- 
pert diver and swimmer, while the long bill, probably sheathed 
with horn at its tip, was armed with numerous simple pointed 
teeth, placed in grooves, and with their points directed backwards. 
Hesperornis undoubtedly lived on hsh, and its long toothed jaws 

would be well suited for dealing with prey of that kind. 

«6 
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BIRDS OF PREY 

Among living birds some of the most notable groups arc those 
which include Birds of Prey, such as eagles, falcons, hawks, and* 
owls, and the structural features enabling them to catch small 
Mbrnmals, other birds, reptiles, or fish are sufficiently obvious. 





Falcon preying upon lAsmmings 


Take, for example, any sort of Falcon (fig. 337), Here we find 
great powers of rapid flight, a strong hooked beak, and well- 
separated toes provided with large and sharp talons, which have 
been compared to grappling-irons; add also very jierfectly- con- 
structed eyes and remarlrably keen sight. Three toes are directed 
forwards and one backwards. In Owls the large eyes are suited 
for making the most of a feeble light 

A very interesting bird of prey possessed of long legs and 
webbed feet, quite unlike those of the preceding, is the Secretary 
Bird {Serpentarius) found in South and East Africa (fig. 338). It 
feeds upon many kinds of reptiles, especially snakes, on which 
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account it is protected by the local governments. The following 
account, taken from Verreaux, describes in a spirit^ manner the 
bird’s tactics when attacking a snake: — “As nature exhibits fore- 
sight in all that she does, she has given to each animal its means 
of preservation. Thus the Secretary Bird has been modelled on 



Fiff 138 “A Secretary-Bird {Sefftntarins tfcrtlariMs^ attacking a Snake 


a plan appropriate to its mode of life, and it is therefore for this 
purpose that, owing to the length of its legs and tarsi, its piercing 
eye is able to discover at a long distance the prey which, in anti- 
cipation of its appearance, is stretched on the sand or among the 
thick grass. The elegant and majestic form of the bird becomes 
now even more graceful ; it now brings into action all its cunning 
in order to. surprise the snake which it is going to attack; there- 
fore it approaches with the greatest caution. The elevation ^f 
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the feathers of the neek and back of the head shows when the 
moment for attack has arrived. It throws itself with such force 
on the reptile that very often the latter does not survive the first 
blow.” The author then goes on to describe the skilful way in 
which the bird avoids being bitten by the snake if the first attack 
i» unsuccessful, using its wings as a kind of shield and its powerful 
feet as the chief weapons of offence. 

Some niptorial birds feed chiefly on fish, as in the case of 
certain owls which hunt their prey in rivers, f>onds, and canals, 
while the widely-distributed Osprey or Fishing-Eagle {Pandion) 
swoops down on sea-fish which come sufficiently near the surface, 
holding them by its powerful ‘•alons aided by the roughened under- 
surfaces of its feet. 


FISH-EATING BIRDS 

I 

Raptorial birds, whatever may be their prey, rely upon their 
mobile and powerfully -armed feet for its capture, but in other 
cases the lieak is the seizing organ, its shape varying according 
to the kind of footl, which also determines the nature of the 
hunting fcictics. A number of very interesting cases are pre- 
sented by fish-eating birds. In these the beak is strong, pointed, 
and commonly with its edge more or less saw-like, so cis to 
securely hold the slippery prey (compare Hesperornis, p. 45), or, 
for the same reason, it may be hooked at the tip. Marked powers 
of locomotion are the rule, and the vision is keen. Cormorants, 
of which there are two native six:cies, the large Black Cormorant 
{Phalacrocorax carbo) and the smaller Green Cormorant or Shag 
{P. gmcultis), are good examples of fishing birds. Perched on 
some convenient spot close to the water, they pounce suddenly 
down upon their victims; but this is by no means their only or 
even chief resource, for, being extremely expert swimmers and 
divers, they pursue fish on more than equal terms in the water, 
a favourite habit being to swim swiftly with their heads sub- 
merged. 

A small Green Cormorant (P. Capensis), closely allied to the 
last-named bird, is common on the coast of South Africa, and 
Millais (in A Breath frotn the Veldt') gives the following interest- 
ing account, of its feeding habits: — “Should the traveller be so 
disposed, an interesting sight may be witnessed aily day by 



CARNIVOROUS BIRDS 


49 


watching these little cormorants fishing. • Their more ordinary 
method is that of singly diving in the shallows, after the manner 
of all their species. But instinct and an excessive abundance of 
^eir natural food has taught these birds that by uniting their 
forces a full stomach may be obtained with far less trouble than 
the methods they usually employ. The plan resorted to is as 
follows; and with the exception of one species of North African 
pelican, it Ts one that is not followed by any other sea-bird that 
I know of : — The (^ormorants to the number of ten or twenty form 
line, each bird being within a couple of feet from its neighbour, 
and swim along the shore at right angles to the beach, the bird 
nearest the land being only just able to float In this manner 
they advance, constantly inspecting the water beneath by im- 
mersing their heads and necks until a shoal of small fish is 
found. Then the whole line wheels, as it were, at once shore- 
Vards, most of the birds diving together in shallows, thus fright- 
ening the fish, which escape before them in such quantities that 
a large number are forced right out of the sea on to the beach 
itself. These tactics are generally rewarded by a plentiful repast, 
each bird resting on its breast amid the stones, and gobbling up 
the fish as they spring 
on all sides, attempt- 
ing to regain their 
natural element.” 

The Darters, or 
Snake- Birds {P lotus), 
of Africa, South Asia, 

South America, and 
Australia, may be de- 
scribed as fresh-water 
cormorants. They 
are distinguished by 
exceedingly sharp, 
slender beaks, and 

a narrow, swan -like Fig. 339 -a D«rt.r (/>&/«.) 

neck (fig. 339)1 These 

structural features are directly related to the habits. One of these 
birds has been observed swimming under water in pursuit of a 
fish, which was ultimately bayoneted by a thrust from the beak, 
in making which the neck was suddenly straightened. The bird 

VoL II. 36 
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then rose to the surface with its prey, which was jerked off and 
caught in th^ mouth. 

The Gannet {Sula Bassana), a British form, follows quite a 
different plan of campaign from the closely-allied cormorants. It. 
flies about till a fish is seen, and then, rising to a certain height 
above it, drops suddenly down, and usually secures it. 



V 'v 
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Fig 340 —A Pelican {Pvlttnftus) 

Peliains (fig. 340), which are allied to cormorants and g^nnets, 
abound in the warmer parts of the globe, and hunt fish in the 
shallower parts of rivers and estuaries, swimming with their heads 
under water. Like the Cape Cormorant, these birds have learnt 
the value of co-operation, for they commonly hunt together in 
long lines, a proceeding disastrous to their prey. Everyone 
knows that the Pelican possesses a convenient pouch hanging 
down from the lower part of the beak, and serving as a fish- 
t^ket 
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Gulls and Terns (fig. 341) haunt the coasts of most parts of 
the world, and are good swimmers and flyers, thoogh otherwise 
they present no features of 
striking character. It is a 
matter of common observa- 
tion that some gulls are by 
no means jimited to a fish 
diet, for they may often be 
seen some distance inland 
searching for worms and 
other small creatures. And 
while some of the terns are 
coast birds, others haunt 
rivers, feeding not only upon 
fish, but also on insects, 
leeches, and the like. 

Though closely related 
to the gulls. Skuas (fig. 342) 
in some respects remind one 
of the birds of prey, for their 
powerful beaks are hooked, 
and, contrary to the general 
rule, the webbed feet are provided with strong talons. These 
features, however, must not be taken to mean affinity with rap 
torial birds, being sim- 
ply an adaptation to 
somewhat similar ha- 
bits. The prey con- 
sists of fish, small ma- 
rine birds, &c., which 
are held firmly by the 
strong claws. Their 
piratical habits are well 
known, for they mostly 

take advantage of the Fig. 349 —Skua [Stercorariut) 

industry of gulls and 

terns. If, for instance, a skua observes that a gull has caught a 
fish, the result will probably be a spirited chase, resulting in the 
abandonment of the just-swallowed prey by the frightened victim. 
Upon this the pirate skua immediately pounces, often securing th« 




Fig 141 — Gulls and Term 
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ill-gotten booty before *it reaches the water. These birds in- 
habit the colder parts of the world, but Richardson’s Skua {Sfer- 
corarius crepidatus) is pretty common in the extreme north of 
Scotland. Other species are also known. R. Kearton (in Wild, 
Life at Home) gives an interesting photograph of a Great Skua 
or Bonxie ( 5 . catarrliactes) attacking a watcher who has ap- 
proached the nest This was taken on the island of Unst, in 
the Shetlands. 

Scissor-bills or Skimmers {Rkynchops) constitute a small group 
of gull-like birds, inhabiting North America, Egypt, and India. 



F»8- 343.— Scissor-Bill ’Rhynchopt) hunting 


The common names have reference to the structure and action 
of the long compressed beak, of which the lower half projects 
considerably beyond the upper portion. The Scissor-bills skim 
along close to the surface of the water with the lower part of 
the beak immersed, and the upper mandible can be worked up 
and down so as to secure any small fishes which are so unfor- 
tunate as to find themselves skimmed on to the projecting part 
of the beak (fig. 343). 

Some marine birds are pelagic in habit — that is to say, are 
found far from land, where they play havoc among the finny 
tribes. The most notable of these are the Frigate-Birds, Alba- 
trosses, and Storm Petrels, all of which have hooked beaks and 
possess considerable powers of flight The Frigate-Birds (fig. 
344) are related to the pelicans, and include the Great Fri- 
gate-Bird tfFregattis aquila) of the Atlantic, Pacific, and Indian 
Oceans, and the Lesser Frigate-Bird (i^. minor), from the last 
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two ot tnese. H. O. Forbes (in A Naturalises Wanaerings in 
the Eastern Archipelago) describes the piratical .habits of the 
smaller sj)ecies, which pursues tactics much like those already 
• mentioned when dealing with the skuas. Speaking of the birds 
of the Keeling Islands, he says: “Graceful Noddies {Anous 
slolidus) and Gannets {Sula piscatrix) were in thousands, s(hd 
I had the satisfaction of watching . . . how their industrious 



Fig 344.— Frigate-Bird ^FregaM 


habits are taken advantage of by the swift-winged frigate-birds. 
Hiding in the lee of the cocoa-nut trees, [they] would sally out 
on the succe.ssful fishers returning in the evening, and perpetrate 
a vigorous assault upon them till they disgorged for their behoof 
at least a share of their supper, which they caught in mid-air as 
it fell. . . . Refractory gannets were often seized by the tail by 
the frigate-birds, and treated to a shake that rarely failed of suc- 
cessful results.” 

Albatrosses (see vol. i, p. 182) and Stormy Petrels are re- 
spectively the largest and smallest of the web-footed birds. They 
are representatives of two allied families belonging to the Tube- 
nosed Birds (Tubinares). 

The two groups of Diving Birds (Auks, Guillemots, Puffins, 
Divers, and Grebes) (fig. 345), and Penguins include those birds 
which are most expert at pursuing fish in the water, and the 
latter group represents the extreme term in the series of structural 
modifications for this purpose (see vol. i, p. 187). But this perfect 
adaptation to an aquatic life is only gained by the complete loss 
of powers of Bight, and great limitation as regards progression on 
land, for the wings of Penguins are only useful as paddles, aj^d 
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their legs are set on too far back to be efficient except as pro- 
pulsive organs in the water. The case is quite parallel with that 
of Seals among the Mammalict 

Among the numerous enemies of fresh-water fish one of thq. 
most attractive is the Kingfisher {Halcyon), not infrequent in the 
southern parts of Briuiin, and distinguished by its extremely 
brilliant plumage. I'hc Kingfisher plays a pre-eminently waiting 
game, remaining motionless on some convenient bough till a 



^ ’•8 345*"“*» Rod-brcastnl Mercnnser iMer^us strrator) j, ntack-lhroatcd Piver [Colymbus atrtiiHs) 

suitable quarry makes its appearance in the water below, when 
with a sudden and e.xcecdingly rapid dart it more often than not 
has an opportunity of making use of its long and powerful bill. 
One of the most telling photographs in a recent book on birds 
by Kearton {With Nature and a Cavicrct) shows the Kingfisher 
perched expectant on its bough, and this attitude is rendered 
comparatively ea.sy to maintain by the peculiar structure of the 
foot, in which the toes are joined together in a remarkable manner 
so as to afford an unusually firm support 

We have seen that Cormorants sometimes, and King^shers 
always, watch for prey from an elevated position. Many birds, 
however, possess long legs, which enable them to dispense with 
such a procedure, and also allow them actually to stand in the 
water on the look-out for prey. Many wading forms are included 
inuthis category, such, for example, as the Herons (see vol. i, 
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p. 178), of which the Common Grey Heron {Ardea cinerea) is 
a good example. The spreading partly- webbed toes afford a 
firm support to the body even on swampy ground* and the long 
•sharp beak can be brought rapidly into action by the straightening 
of the long highly-mobile neck. As patient as a kingfisher, the 
Heron is equally ready for prompt action at the criticfil momeat 
The closely-related Stork Family includes birds of much the 
same builcl, but with somewhat different habits. The White 
Stork [Ciemia alba) hunts frogs and other small animals in 
swampy ground, Wcilking around in a dignified manner and not 
waiting like a heron for prey to piss by. Numbers of the 
American Wood-Stork ( Tantalus locu/alor) co-operate to perform 
a sort of feeding drill, in which numbers of them tramp alwiut in 
shallow water, where the bottom is muddy, till it is thoroughly 
stirred up, the numerous small fish, reptiles, &c., disclosed by the 
•process being promj)tly haggl'd 
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THE FOOD OF ANIMALS — BIRDS WHICH FEED ON 
INSECTS AND OTHER SMALL CREATURES— SCAVENGERS 


Insectivorous birds of various sorts are abundant, among 
which the wide-mouthed Swallows and Swifts are remarkable 
for their powers of flight, to which their long wings and forked 
tails are adaptations. The Night- Jar or Goat- Sucker {Capri- ^ 



Fiff. NiKlit-Jar(Crt/rfWiv^i Kuroptnu) 


mulgtts Europ<rus (fig. 346) is a soft-plumaged bird, which flies 
something like an owl, and takes up at dusk and during the 
night the work which Swallows and Swifts carry on by day. 
Its widely-gaping mouth is fringed with stiff bristle-like feathers 
which are no doubt of use in the capture of prey. The following 
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extracts from Dixon {Among the Birds in Northern Shires) will 
give some idea of the appearance and habits of (his interesting 
form: — “Like most birds possessing some peculiarity in note or 
• appearance easily remarked by the multitude, the present species 
has many aliases, some of which at any rate are as undeserved 
as they are disastrous. Thus, that of ‘Night-Hawk’ brings the 
bird into ^vil repute with gamekeepers, and it is shot down in 
many localities under the firm belief that it preys upon young 
pheasants and partridges. That of ‘ Goat-Sucker ’ is even more 
widely prevailing, not only in our own country, but it has an 
equivalent in almost every European language, in some cases 
dating from a very remote antiquity. Needless to say that this 
appellation has proved even more fatal, and has caused the poor 
bird needless persecution in many other countries than ours, 
owing to the absurd superstition it describes and fosters of the 
’ Night-Jar’s utterly fictitious habit of sucking the teats of cows 
and goats. Lastly, it has been the long-suffering possessor of 
the names of ‘ Fern-Owl ’ or ‘ Churn-Owl ’, one relating to its 
haunts, the other to its singular note, and both suggestive of 
birds that have been sorely persecuted by man, in most cases 
for purely imaginary offences. Anything flying under the name 
of ‘ Owl ’, whether with ‘ fern ’, or ‘ wood or ‘ barn ’, or 
‘ horned ’ attached, is considered harmful, and fair food for powder 
and shot, so that the poor Night-Jar has suffered with the rest. 
To his habits and appearance most, if not all, his misfortunes 
are due. He flies about at dusk and during the nighttime, and 
has a way of flitting round the cattle in the meadows close to 
the heath in quest of moths and cockchafers; his plumage is soft 
and pencilled and owl-like, whilst his enormous mouth, to the 
ignorant countryman, seems . capable of swallowing anything. 
And yet there is no more harmless bird in the British Islands 
than the Night- Jar. It preys upon no single creature that man 
might covet (if perhaps we except the entomologist, who does 
not like to see rare moths and beetles disappear like magic in 
the evening gloom), but, on the other hand, rids the fields and 
groves of countless numbers of injurious insect pests. . . . The 
bird, like the bat and the owl, sleeps during the daytime, either 
crouched flat upon the ground or seated lengthwise on some broad 
flat branch of a tree where dense foliage gives the shade and 
gloom it seeks, and where its beautifully-mottled and vermicul^ted 
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plumage harmonizes most closely with surrounding ’tints.” The 
Whip-Poor-Wjll of North America (Caprimulgus Virginianus) 
is a closely-allied species. 

Quite another sort of arrjingemcnt is presented by Wood- 
peckers (fig. 347), in which the foot is admirably adapted for 
clirtibing, having two long toes directed forwards and two others 
Ijackwards, iUl being provided with sharp claws that^ can take 

advantage of the smallest ir- 

regularities s>n walls, the bark 
* of trees, and similar surfaces. 
The stiff toil is also of assist- 
ance in climbing. The power- 
ful pointed and rtither long 
Ixiak is suited for introduction 
into crevices, and the mobile 
tongue, covered at its tip with 
bjickwardly - directed spines 
and rendered sticky by the 
secretion of large glands, is 
an e-\cellcnt insect-catching 
organ. The arrangements 
found in some insectivorous 
Mammals are here once more 
recalled. It should further 
be added that the “hyoid 
bone ", by which the tongue 
is supported and to which the muscles moving it arc attached, 
is unusually well developed, and ix)sses.ses slender prolongations 
which curl round over the top of the head underneath the 
.skin. 

The Common Cuckoo {Cuctilus canortts), which is related to 
the Woodpeckers, may be mentioned in passing as an insectivorous 
l)ird of great voracity, and is especially interesting as having 
discovered a hunting-field in which little if any competition is 
encountered. That is to say, it feeds largely upon hairy cater- 
pillars, which other birds find extremely distasteful and never 
touch if they can help it. 

Many of the sharp-beaked Perching Birds feed largely upon 
insects in their various stages, as well as upon other small 
creatures, bul space forbids mention of more than a few examples. 



Fig. ^47,— Greater Spotted Woodpcrlcer ’ PeutfrtKopus ftMjar) 
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Among the' most interesting are the Creepers, of which the 
Common Creeper {Certhia familiaris) (fig. 348) is abundant in 



348.— Common Creeper {CtrfAia /amt'iiaris) 


Britain, though it often escapes observation on account of its 
dull coloration harmonizing with the tree-trunks and walls ujx>n 
which it hunts insects, spiders, and other small animals. The 
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toes of this bird are provided with long curved claves well suited 
for clinging to^ rough surfaces, and climbing is helped by the stiff- 
pointed tail -quills. The long slender curved beak is sharply 
pointed and well adapted for probing in crannies and crevices. 
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Fig. 349 - Blue Roller Coractas ^arrMlm, 

Although a long probing beak is common among insect-eating 
birds, this organ is short and conical in many species living^ on 
the same sort of food. This is the case with the attractive little 
Tits, which do a vast amount of execution among the branches 
of trees, though of course they can only reach insects, &c, which 
are on or near the surface, leaving those which lie deeper to be 
tackled by woodpeckers and creepers. , 

.The Blue'-Roller {Coracias gurrulus) (fig. 349). widely distri- 
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buted through Europe, Asia, and North Africa, is found in 
districts where taU trees are mixed with underwood, and its 
powerful slightly-hooked beak suggests that its* diet includes 
animals higher in the scale than insects. Such a conclusion is 
borne out by the facts, for it hunts upon the ground for lizards 
and frogs, as well as worms and insects, besides which it catches 
these last pn the wing. 

The common names of some families of perching birds have 
reference to their, insectivorous habits, as, e.g., in the case of the 



Fig. 350.— Crowned Tyrant {Hfn^mfora rrguH 


Old World Flycatchers {Muscicaptda), represented in this country 
by three species, of which the commonest is the Spotted Fly- 
catcher {Mttscicapa grisola). These birds catch insects on the 
wing, frequently settling on the branches of trees, from which they 
dart out at their prey. 

The American or Tyrant Flycatchers (Tyrannidd) are dis- 
tinguished by similar habits to those of the last-named family. 
The Crowned Tyrants (Musdvora) of Mexico and South America 
(fig. 350) are possessed of beaks flattened from above downwards. 
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Some of the pcrchini; birds make a living by f<^eding on the 
insects, ticks and the like, which infest many of the larger 
Mammals. Such are the Ox-Peckers of the African continent, a 
well-known Natal species being the African Ox-Pecker {Bupkaga • 
Africana) (fig. 351). These birds are closely related to the 
starlings, and their feet are provided with strong curved claws. 



Fig 3S1. * Afrii ail Ov Peck* r \Buphaga Ajticaua 


by means of which, and with the help of their tails, they are 
alile to climb about on the bodies of oxen, buffaloes, and other 
large animals. Their strong straight beaks deal most effectively 
with the creatures preyed upon, and the lower mandible is used 
as a lever for extracting bot-fly larvaj from the skin. J. G. Millais 
(in A Breath from the Veldt) gives a vivid account of the habits 
of this bird, from which the following is quoted: — “It is most 
interesting to notice the way in which a party of these birds 
will move about on the body of a horse or ox, searching every 
part of his .skin as they run or hop over it in the most lively 
fashion. . . . It is quite immateri.al to them how or in what 
direction they move. They are continually on the hop, and seem 
almost capable of hanging on by the proverbial eyelids. . . . Your 
3 xen are no sooner outspanned than a party of these interesting 
birds spy them out, and come and sit on the neighbouring trees 
‘ill the beasts have been watered and have settled down to steady 
Sfrazing. Then they rise in the air, and after flying in a circle 
>nce or twice over some likely-looking ox, they descend and settle 
ill in a row tilong its backbone, where they sit stolidly for a 
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moment or Iwo, to see if there is any f<lir of disturbance during 
their coming meal. The whole party then set to work and scour 
the entire body of the animal, a proceeding which the latter seems 
, thoroughly to appreciate, for it is no uncommon sight to see an 
ox lying stretched out on the ground, exposing every part of his 
body to their ministrations. When they have got all they can aut 
of one beast they jkiss on to another, and repeat the process till 
their apjKjfite is satisfied.” 

While the Ox- Pecker obtains a large jxirt of its food from 
the bodies of domesticated animals, another well - known and 
widely-distributed bird, the White-eared Honey-Guide (Indicator 
Sparmanni) (fig. 352), 
a near relative of the 
woodpeckers, makes 
use of man himself, 
but in a different way. 

Knowing that human 
beings have a weak- 
ness for honey the in- 
genious bird acts as 
a guide to bees’ nests, 
taking the grubs and 
young bees as his 
share of the spoil. 

We cannot do better 
than make another 
quotation from Mil- 
lais: — “ The marvel- 
lous reasoning-power 
of the latter (/>. the 
Honey-Guide) seems to demand some better word than instinct. 

. . . Mentally marking every nest of bees in a certain loaility, 
he hangs around till he meets with a friendly biped, to whom he 
makes known his presence and his desire by a pleasant chuckling 
note. This he keeps up incessantly as long as the man is in view. 
Then, after a short undulating flight of about 100 yards, he 
generally alights on a dead bough, so as to make himself as con- 
spicuous as possible, and loudly continues his chuckling. If not 
attended to, he returns again and again with increasing audacity, 
as I have previously described; but if followed, he waits till the man 
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comes within 50 yards, ind then continues his flight^, which vary 
from 100 to 200 yards, till the nearest nest is discovered. There 
is pretty sure to he a dead bough about, or the bees would not be • 
there; and on this he settles with his eyes towards the bees’ nest « 

. . . The nest is 
generally plas- 
tered up with 
mud and not 
very difficult to 
extract ; and 
while you are 
engaged in this 
operation the 
Honey - Guide 
sits quietly on 
the tree, trust- * 
ing to your 
honour to give 
him a share of 
the plunder, 
which I need 
hardly say is 
always done by 
the natives.” 

A very curi- 
ous sj)ecializa- 
tion of the beak 
in reference to 
insect food is 
exhibited by 

;he Huia {Ifeteraloclia Gouldi) (fig. 353) of New Zealand, a 
nember of the crow family. This bird feeds upon laige beetle- 
j[rubs inhabiting decayed wood, and while the beak of the male 
s strong and pointed, that of the female is long, curved, and 
lexible. The arrangement is a clear case of division of labour, 
or the male is able to chip away the decayed wood so as to 
expose many of the grubs, while the female can insert her slender 
)eak into holes which her partner is unable to reach. Between 
he two of them it fares hard with the beede-grubs. 

Shrikes, or<. Butcher-Birds, as regards beak and feet, closely 
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resemble birdfe of prey. They feed on insects and small verte- 
brates, and impale such prey as are not immediately /equired upon 
thorns, often forming in this way a very respectable " larder ” 
354 )« ^ 

A considerable number of well-known birds feed upon worms, 
snails, and other small animals which are found in the mud t>f 


I 
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ponds and streams, or in damp marshy places. Everyone has 
seen a Duck in the water, with its tail turned up, engaged in 
this sort of work, and in this animal the broad bill (fig. 355) 
acts as a strainer, and is c.\quisitcly sensi- 
tive, enabling the creature to effectively sift 
the wheat from the chaff, if such a meta- 
phor be permissible. The long neck of the 
Swan enables it to investigate somewhat 
deeper water with the same practical aim. 

Ducks and Swans, however, are not purely 
carnivorous. - Ht-ad of Duck (Auas 

Am} 

A number of birds are fond of haunting the 
banks of streams and ponds with a view of catching insects and 
other small animals. Among the most attractive and familiar of 
these are the Wagtails (fig. 356), of which there are five British 
species, the most familiar being the Pied or Water Wagtail {Mota- 
tiUa lugttbris). The slender pointed beak is obviously suited to an 
insect diet W. Warde Fowler (in Summer Studies of Birds and 
Books') speaks thus of the little group of birds now under considem- 

Voi. U. 87 * 
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tion: — "It is impossible ever to weary of Wagtails. <We are never 
altogether without them, yet whenever they present themselves to 
us we are constrained to give them our attention. . . . They all 



walk, or nither run, instead of hopping, their delicate little legs 
being often in such swift motion tis hardly to be seen as they go; 
and tall feed chielly on insects — largely, I think, on minute beetles 



Fijr* 3^7 -niaclc-tailed Godwit [Litnosa Bel^ica) 


— and love our British streams and meadows for the never-failing 
abundance of food they find there.” 

The sea:kshore is a favourite resort of many birds besides the 
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fish-eating forms, some species making it their usual hunting- 
ground, while others make occasional visits. Amogg the former 
may be mentioned two interesting birds of the Plover Family — 
Jthe Turnstone and the Oyster-Catcher. Everyone who has hunted 
for little beasts along the shore, and most of us as children have 



Fig 158 - Curlew {IfuMeniUA arguatns) 


done so, knows that sand-hoppers, small crabs, and a host of 
other diminutive creatures harbour under stones. The Common 
Turnstone {JStrepsilas interpres) is well aware of the fact, and 
uses his strong beak for turning over stones, a method of pot- 
hunting which brings its own reward. The black-and-white 
Oyster-Catcher {Hatftatopus ostraUgus) possesses in his powerful 
laterally -compressed beak a means of opening various bivalve 
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molluscs, of detachinfr the tenacious limpet caught unawares, 
and of securing sundry creatures which burrow in the sand and 
thoughtlessly come too near the surface. 

Godwits (fig. 357) and Curlews (fig. 358) are plover-like bird^ 
with long legs which enable them to wade to some extent when 
searching for food. The long slender beak (curved in the Cur- ^ 
lews) is well suited for probing in mud, moist ear^, or sand, 
with the object of securing such small animals as live therein. 
During the summer these birds frequent moors and marshy 
uplands, and vary their animal diet with berries and the like, 
but in winter they haunt the sea-shore, and are then more strictly 
of carnivorous habit. 

The bust point suggests ^he habits of another member of the 
Plover Family, e.£‘. the Long-beaked Woodcock {Scolopax rusli- 






*■’•8 359 — Wtxidcock {Scolopax ruiUcola 1 


ro/a) (fig. 359). which searches for worms along the banks of 
streams and in marshy ground. The sensitive beak bores deep 
into the mud, and is kept motionless until, perchance, some con- 
tiguous worm inadvertently wriggles, and next moment is as 
often as not captured by a sudden thrust on the part of the 
aggressor. A similar procedure is adopted by the smallest living 
flightless bird, the Kiwi {Aptery£) (see vol. i, p. 190) of New 
Zealand, and in this case the nostrils are placed close to the tip 
of the long beak, a very unusual position. As might be expected 
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from this arraagemeot the Kiwis laigely rely on the sense of smell 
when hunting for worms, at which time they make a sniffing 
sound. Unlike the woodcocks they appear to detect their prey 
Jbefore driving in the beak, as this procedure is commonly success- 
ful straight away. 

There arc among Birds, as among Mammals, forms whiCh 
are specially adapted to feed on carrion. The best known of 
such scavenging birds arc Vultures and Adjutants. The former 
are closely related to the Hawks, but present a peculiar appear- 
ance owing to the bareness of their heads and necks, a feature 
which has obvious relation to the nature of the food. Adjutants, 
which arc to be looked upon as large and specialized Storks, 
pre.sent the same peculiarity, which is no doubt an adaptation 
to the same end. 
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THE FOOD OF ANIMALS— CARNIVOROUS ANE^ INSECTI- 
VOROUS REPTILES 


CROCODILES 

Reptiles exhibit many forms of ada[>tation to an animal diet 
We may fitly begin with the Crocodiles and their allies, which 
arc at the same time the most highly organized and the most 
formidable members of the class (seevol. i, p- 21). ' 

The well-known Nile Crocodile {Crocodilus Niloticus) will 
serve as an average illustration. The seizing organ is here 
constituted by the powerful jaws, with their numerous strong, 
}X)inted, and interlocking teeth, which, once having got a firm 
grip, rarely leave go. Even a large Mammal, when caught, 
struggles in vain, but is steadily drawn under water and drowned, 
after which it is devoured by a scries of tearing snaps. The 
Crocodile itself might easily get choked during this drowning 
firocess were there not some .special provision to prevent it This 
(ireventive arrangement consists in the extreme backward po.si- 
tion of the internal nostrils, and the upward prelection of the 
top of the windpipe into the hinder part of the nasal passages. 
Thus the mouth can be kept more or less open under water 
without any risk of suffocation. We are reminded here of a 
similar contrivance among the Cetacea, the existence of which 
is due to a similar reason. Although Crocodiles are capable 
of fairly rapid progression on land, they are specially adapted to 
swift movement in the water, the laterally-flattened tail acting 
as the organ of propulsion. This powerful structure can also 
be used as a flail, by the sudden use of which unwary animals 
standing close to the water’s edge, as for the purpose of drinking, 
are swept within the range of the jaws. Much, if not most of 
the success of the Crocodile as a hunter, is due to his craftiness. 
Floating like a log in the water he is able to approach his prey 

TO 
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without aroi|sing suspicion till within striking distance. The 
following quotation from Sir Samuel Baker (in IVt’M Beasts and 
their Ways) furnishes a good example: — “ I have* watched upon 
many occasions the stealthy advance of a crocodile to capture 
small birds, when in flights of many thousands they have settled 
upon the yielding branches of dwarf willows overhanging 
Atbara riv^r. The elastic boughs bent down beneath the weight 
of the innUhierable flock, and the crocodile’s head appeared above 
the surface at a distance, sank below, and quickly reappeared 
(the eyes and crown alone above the water) within 10 yards 
of the unsuspecting birds, all of which were busily engaged in 
twittering excitement, quarrelling for places, and occasionally 
dipping their beaks in the water when the bending twigs per- 
mitted them to drink. In a few moments after the disappearance 
of the waiy eyes a tremendous splash was accom{)anied with a pair 
• of open jaws, which swept the occupjints of the lower branches 
into the greedy throat. This artful attack was frei|uently re[x*ated, 
and generally with succe.ss,” 

As regards the internal arrangements of the Crocodile it may 
be noted that the gullet is very dilatible, allowing prey of con- 
siderable size to be swallowed, and jjart of the stomach is a sort 
of gizzard, within which stones .and gnivel are always to be found. 
Here, as in the ca.se of birds, is an arrangement which comjjen- 
sates for the absence of chewing organs. 

As might be expected, fish is an imjaortant item in the diet 
of members of the group under consideration, but the slender- 
snouted crocodiles known as Garials appear to be specially 
adapted to this kind of food. The Gangetic Garial {Garialis 
Gangetica), for example, which inhabits .some of the Indian rivers, 
possesses a very long beak-like snout armed with very numerous 
teeth, and well suited for dealing with this kind of prey. A com- 
parison naturally suggests itself with some of the fishing-birds, 
and still more with the curious Cetacean known as the Gangetic 
Dolphin (see p. 28). 

TORTOISES AND TURTLES 

Some of the members of the Tortoise and Turtle Order 
are of carnivorous habit, but there are no very special adapta- 
tions to an animal diet It is among the fre.sh- water forms that 
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those most addicted to animal food are to be found, ^nd decidedly 
the most aggressive of these are the American Snapper-Tortoises, 
of which an example is the Alligator- 'Ferrapin (^Clielydra serpentina), 
which Hinges from C^anada to Ecuador on the eastern side of the 
mountciin axis of the New World. As the common name suggests, 
there is a powerful llattened Uiil, which serves as an efficient swim- 
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ming organ, enabling the animal to overtake the frogs and fish 
upon which it chiefly feeds. Its powerful jaws arc covered with a 
strong horny sheath, and they are brought together with a sudden 
and effective snap at the psychological moment. The Hawk-bill 
Turtle {Chelone imbn'caia), from which the “tortoise-shell” of com- 
merce is obtained, is also purely carnivorous in habit, and its 
hooked beak is correlated with the nature of its food (fig. 360). 

In most Chelonians the rigidity of the trunk is made up for 
by the extreme mobility of the neck, and in some members of the 
order this would appear to be of importance in the capture of prey. 
The Snake-necked Tortoises (Hydromedtisd) of South America, 
for example, possess exceedingly long necks, which can either be 
folded back within the shell or thrust out with great swiftness. 



CARNIVOROUS AND INSECTIVOROUS REPTILES 


73 


LIZARDS 

The large and widely-distributed order of Liz'ards is in the 
^ main an assemblage of carnivorous species, most of which are 
suited to a life on land. All sorts of animals serve as food, from 
small backboned animals down to insects, snails, and worms. Our 
native species arc typical representotives of an Old World family 
rich in species, of which the chief food is insects. Extreme agility 
and the possession of numerous small, pointed teeth are obvious 
attributes, both of which apiiear to l)e related to the nature of the 
food. 

The Monitors constitute a grou|) of large Lizards ranging 
from Africa through the south of Asia into the Australian region, 
and feeding upon various backboned animals, such as frogs, 
reptiles, birds, and small mammals. As might be exjxictcd from 
• the nature of the food, the tettth are large and pointed. The 
different species live in very different surroundings, and exhibit 
.specializations of corresponding kind. The Dessert Monitor 
{J'aranus ji'nseTts) inhabits the deserts of North-west Africa and 
South-west Asia, and is rendered inconspicuous in its natural 
surroundings by its dull coloration. The powerful cylindrical 
tail is used as a weapon. The Papuan Monitor (K prasiuus) 
is believed to live among tree.s, and its tail is shaped like that 
of the last-named spccie.s. Most of these Lizards, however, 
have tails which are strongly flattened laterally, a feature usually 
associated with the power of swimming. An example is the Nile 
Monitor ( V. Niloticus) (see vol. i, p. 224), which frequents most of 
the African streams, and preys largely upon the eggs of crocodiles. 
And as a last example we may take the Water Monitor (V. sal- 
vator), which is the largest of the serie.s, attaining a length of 
pretty nearly 7 feet Its range extends through South Asia to 
Australia, and it is mostly found in marshy ground in the neigh- 
bourhood of water, both salt and fresh. Not only can the animal 
swim, but also climb among trees, devouring smaller lizards and also 
birds, as well as the eggs of the latter. It has a curious method 
of egg-eating, for an egg is first seized in the jaws, the head is 
turned up, and the egg-shell broken with the teeth in such a way 
that the contents can be readily swallowed. 

Among the most interesting climbing lizards are the small 
insect-eating forms known as Geckoes and Chameleons. Geckoes 
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(see vol. i, p. 221) are exceedingly active creatures, ^in which the 
toes arc provided with climbing pads on the under- surface, the 
structure of Which will be described elsewhere. Almost univer- 
sally distributed throughout the hotter parts of both New and Old 
Worlds, including Australia, the Geckoes have attracted a good 
dejil of attention from the fact that they are often found in houses, 
hunting down insects on the walls and even on the cei^'ngs, along 
which they can climb in an inverted position. 

Even better known than the Geckoes, on account of their 
quaint form and power of changing their colour to harmonize 
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with local surroundings, are the Chameleons (fig. 361), which are 
distributed throughout Africa, and are also found in western and 
southern Asia. All the Lizards, so far considered, are distinguished 
by their extreme activity, but the Chameleon is a sluggish creature 
as regards locomotion, and is usually found holding firmly on to 
a branch by means of a prehensile tail and very curious feet, in 
which the digits are bound together in two groups, so as to give 
considerable grasping power. No better description has ever been 
written of the way in which a chameleon catches its prey than that 
by Professor iloyd Morgan (in Animal Sketches), from which the 
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following is .quoted: — . . Our chameleon is a beast of prey. 
Insects are its food. See, a fly has setded on that bough, within 
six inches of our largest lion. But what chance has the slow and 
sedate chameleon, slowest and sleepiest of lizard-folk, what chance 
has he of catching an active and wary fly? His cone-shaped 
swivel eyes are looking about aimlessly, each seeming bent* on 
some busihess of its own. Now one glances lazily up, while the 
other peers furtively down. Now one is staring attentively back- 
wards at its owner’s tail, while the other is ranging round the 
neighbourhood of that wide-awake little fly, who is rubbing her 
front legs together, or drawing her hind-legs over her wings, in 
utter carelesisness of the presence of so inanimate an enemy. But 
make not too sure. One eye has ceased its aimless wandering, 
and becomes earnestly intcre-sted in that fly. The chameleon 
takes one solemn step forward. You are all right for the pre- 
sent, Mrs. Fly; but let me advise you to be careful and circum- 
spect That one eye is fixed upon you with an unchanging, 
steady gaze, and the other seems somehow to have lost its interest 
in its owner’s tail, and is beginning to find a new intere.st in your 
immediate neighbourhood. If once that other eye becomes fixed 
upon you, take my word for it, you’re a doomed fly. Ah! I 
thought so. The other eye has come to rest and holds you in 
its steady gaze. The chameleon leans forward a little, his mouth 
.slowly opens, twitches once or twice, and quick as thought, with 
unerring aim, a long worm-like tongue is darted forth and returns 
to the mouth like a piece of stretched india-rubber. Where is poor 
Mrs. Fly? She seems to have disappeared. And Mr. Chameleon 
is leisurely munching at something which seems to give him some 
sort of sedate satisfaction.” Here again we have the device of a 
long sticky tongue as an insect-tnip that was noted in some ant- 
eating mammals and in woodpeckers. In this case the organ in 
question has a curious swollen end. 

We have seen that Lizards of various kinds hunt their prey on 
the ground, among trees, and also in the water; but this does not 
exhaust the possibilities of the group, for there are a number 
of burrowing species. Prominent amofig these are the Skinks, 
stumpy-looking creatures, in which the spindle-shaped body with 
smooth surface is well suited to the l^abit, to which the short 
powerful limbs and transparent lower eyelid, acting as a protective 
window, are further adaptations. Types of the group are the 
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Common Skink {Sducus officina/is) (fig. 362) of the Sahara and 
Red Sea regions, and the remarkable Stump- tailed Lizard 
{Trachysaurus rugosus) (see vol. i, p. 226) of Australia. 
Specialization of a far more profound nature to suit a burrow- 
ing habit is displayed by the worm-like Amphisbsenas, most of 
which are natives of the hotter parts of Africa and America, and 
which owe their name to the fiict that they can movi forwards 
or backwards with equal ease. I'he Handed Amphisbsena 
{Ckiroles caniculalns), native to California and Mexico, is one 
of the least modified mem tiers of the group, for it still possesses 
small fore-limbs, though the hind ones are entirely absent; but 
in most other cases, as, for example, in the Spotted Amphislxena 
{A. fnltghtosa) of tropical America and the West Indies, neither 
pair of extremities is pre.sent. The food consists of insects and 
worms. 

There is another group of Lizards in which the body is long 
and cylindrical, so as to give a snakc-like appearance. These 
Snake-like Lizards (see vol. i, p. 225) are adapted for progres- 
sion through thickly- growing vegetation, like the animals they 
resemble, and according to their size they prey upon either small 
krertebrates or various lower forms of life. Natives of America, 
and to a less extent of Europe and south Asia, some of those 
from the first-named continent, possess small limbs. Many 
species, however, are quite devoid of extremities, as illustrated 
by the common Blind- Worm {Angtm fragilis), which frequents 
ivoods, downs, and heaths in Britain, feeding upon snails, slugs, 
tvorms, and insects. 


SNAKES 

The members of the vast order of Snakes, which reaches its 
naximum development in tropical regions, are specialized on 
somewhat the same lines as the snake-like lizards. Like these 
hey are undoubtedly descended from reptiles possessing well- 
leveloped limbs, and in some of the large snakes, such as 
jythons, insignificant vestiges of the hind-limbs are still present, 
>ut are not concerned in locomotion. 

Snakes exhibit a great diversity of habitat. The large majo- 
ity pursue their prey upon the ground, others live among trees, 
K>me few burrow in the ground, while others again are adapted 
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Fig. 36a.— Tunklan Lizards 

Thomy-tailed I.izard ^Uromastix acamtAitmrms). a. Bronze Lizard *Ckaictdes oceiiatus . 3, Cylinder Lizard *Etan§cet SckmtitUr£\. 4, Cooimon Skink Wzwi 

4«« Head of a sldnk projecting fiom the sand. 
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for life in fresh water or even in the sea. The prey in most cases 
consists of liviijjf animals, often of relatively large size, and it is 
clear that a comjKiratively narrow animal, devoid of any chewing 
arrangement, must lx: modified in structure so as to enable it to 
df«,l with such prey, which after caj)ture has to be swallowed 
whftle. The mouth, of course, must be capiablc of great dilata- 
tion, and this is made |K)ssible by the presence of a doiA>le hinge-^ 
joint where the k)wer jaw is attached, and by the fact that the 
two halves of the lower jaw are connected in front by an elastic band 
instead of being firmly united together as is the rule in backboned 
animals. liscape of the prey when this is swallowed alive, as is 
usually the case, is prevented by the sharp, backwardly- curved 
teeth. There must also be some way of preventing the snake 
from choking during the slow process of swallowing, and this is 
found in the peculiar nature of the top of the windpipe, which 
is ilrawn out into a cone that protrudes from the corner of the 
mouth while the prey is passing slowly down the gullet. Not 
only is the mouth capable of great expansion, but also the gullet 
and stomach, as well as the jxirt of the body in which they are 
contained, an impuruint jxjint to notice here being the complete 
absence* of a breast-bone and limb-girdles, which, if present, would 
prove a serious hindrance to the excessive dilatation which is 
absolutely necessary. Although an avenige snake affects meals 
of a bulky sort, which are digested with comparative ease, long 
intervals elapse between them. A constant supply of water for 
drinking is, however, indispensable. ' 

Snakes have various ways of dealing with their prey, and it 
will be convenient to take harmless forms first, afterwards con- 
sidering the nature and mode of action of the poison-ap[)aratus in 
the venomous. species. A convenient point of departure is afforded 
by the common Grass Snake (Tropidonotus natrix) (see vol. i, 
P* 233) Hritain, which feeds on frogs, small mammals, birds, 
and even fishes, for it is an expert swimmer. These are secured 
by the numerous pointed teeth, and swallowed alive. The unfor- 
tunate frog, which has so many enemies, from man downwards, 
is the favourite prey of tnis snake, which, as so often happens with 
the.se reptiles, seems to t'xert a kind of hypnotic influence upon it, 
for, instead of trying to qscape, it stands still, uttering cries of fear. 
Next moment it is seized and gradually swallowed, protesting 
meanwhile in way which is far from pleasant to witness. 



POISONOUS ASIATIC SNAKES 

Poisonous serpents, which for the most part inhabit tropical or 
sub*tropicaI regions, are provided with very effective’ offensive and 
defensive weapons, in the form of poison-glands, of which the 
venom is conveyed along certain specialized teeth, known as the 
“fangs”, into the wounds made by these organs. It is a case of 
biting, and not stinging as often supposed. Often, but by no 
means always, the presence of the poison-glands causes the head 
to be broadened out behind. Some such forms evade obser- 
vation by being coloured in such a way as to harmonize with the 
colour-scheme of their surroundings. Others exhibit striking tints 
and patterns which make them very conspicuous. This Warning 
Coloration advertises their noxious properties to animals which 
might otherwise destroy them. The conspicuousness may be 
increased by the assumption of Warning Attitudes, or the emission 
of Warning Sounds. 
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The laigq^t known snakes, Pythons and Boas (see vol. i, 
p. 231), as as many smaller kinds, adopt 4 much more 
merciful procedure than the Grass Snake, for they kill their prey 
•by crushing it in their coils before beginning to swallow it, the 
latter proceeding being greatly faciliuited by the secretion of large 
quantities of saliva. The largest of all such species is the giganac 
Anaconda ^uneces murinus\ inhabiting the tropical forest regions 
of South America, where it haunts the rivers and their neighl)our- 
hood, often hanging head downwards from a tree on the look-out 
for prey. Many such reptiles are thoroughly arboreal in habit, 
as for instance the Tree- Boas of tropical regions, though their 
climbing powers do not preclude expertness in swimming. 

A certain number of snakes ;ire adapted for pursuing such 
jirey as can be found underground, more esj)ecially e;irth-worms. 
The most imporuint are the .Shield-Uiiled Snakes {^Uropeltida) 
bf India and Ceylon, and the widely-distribut(‘d Blind-Snakes 
( TyphlopiiUc), found for the most part in tropical regions. 'J'htjy 
are never of large size, and their smooth scales present but little 
resistance to passage through the earth, while, as so often happens 
in creatures which lead an underground life, the eyes are much 
reduced, and in this case are protected by special shields. The 
nature of the food does not demand those exjiansive |)owcrs 
which are so characteristic of average snakes, and the mouth is 
conseciucntly small and incapable of being strt:tchcd to any extent. 

Poisonous Snake.s. We now pass to the considenition of 
poisonous forms, which are distinguished by the grooved or 
tubular nature of some of the teeth attached to the margin of 
the upper jaw, the object of this being to conduct poi.son into any 
wound which may l)e inflicted. Such modified teeth may be 
situated either at the front or back, and though their presence 
may be taken to indicate a greater or less degree of poisonous 
properties, it by no means follows that all such forms are dan- 
gerous to man. The slender Whip-Snakes {Diyiophida;) of India 
and the Malay region are among the forms where the poison-fangs 
are formed by modification of the hinder teeth. They are arboreal 
in habit, climbing among trees with great rapidity, and preying 
upon small vertebrates, .such as birds and lizards. Well-known 
examples of venomous serpents, in which Jthe poison-fangs arc at 
the front end of the upper jaw, are the brilliantly-coloured Coral- 
Snake {Elaps) of South Africa and the hotter parts of America, 
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the Cobra dc Capello {Naia tripudians) and Giajit Cobra {N. 
bungants) of, South Asia, the African Asp (N. iiaie), and the 
Death-Adders of the Australian rejjion. Here also are included 
the poisonous Sea-Snakes {PJydrophidee) of the Indian and Pacific, 
Oceans. 


• The poison arran^jements, however, are by far the most 
.specialized in the j^reat group of Vijjers (t^iperida),* represented 
in this country by the Adder {/Wias bents), and which includes 
such notorious forms as the Puff Adder ( I'ipera arietans) of Africa 
and the Rattlesnake {Crotalus dunsstis) (sec vol. i, p. 235) of 
North Americti. It is .serpents of this kind in which the flattened 
head, broad at the back, pre.sents the oft-cited resemblance to the 
H ace of spades. The breadth is mainly due 

presence of very large poison- 
glands, one Ixihind each eye (fig. 363). 
The.se are modified salivary glands, and 
therefore furnish an instance of the prin- 
Skull ..fK..t.i.s.uu. ciplt-* of “change of function” which has 
rt, iiiuii.<.isc./.ui.mMu.^.pois..i,^ elsewhere been noted. Each of them is 

covered by a layer of muscle, which by its 
contraction forces out poison into the fang-canals at the moment 
when the snake opens its mouth to “strike” its prey. It is, 
however, in the structure of the upper jaw that the viperine 
snakes are most remarkable. The external bones (ntaxillec) of 
this region are attached by a hinge-joint to the skull, so that they 
can lx; moved forwards or backwards. They are extremely short, 
and instead of carrying a number of teeth, as in the front-fanged 
and hind-fanged species, each of them bears but a single tooth in 
the form of a long sharp poison-fang, traversed by a canal which 
is open both above and below. Through the upper opening 
poi.son is passed into it, flowing out again by the lower aperture 
placed near but not actually at the tip of the fafig. Were the 
opening in the latter position it would be liable to blockage, but 
as it is a wound can be inflicted without danger of this. The 
piercing tube (cannula)| attached to a hypodermic syringe, such 
as doctors employ for injecting various solutions (morphia, &c.) 
under the skin, is constructed on the same principle. As often 
remarked, many of tha products of human ingenuity are copied 
from or anticipated by structures possessed by the bodies of 
animals. 
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When the mouth of a viper is closed the poison-fangs are 
backwardly-directed and pressed closely against tl^e palate, but 
when the mouth is opened a scries of slender bones running 
/orwards from the joint of the jaw pushes the movable upper- 
jaw-bone forwards, causing the fangs to be “ erected ”, t.e, rotated 
* downwards and forwards, so that they are ready for use. Closute 
of the mout9i reverses the action, enabling the snake to strike ” 
or bite its prey. As, too, the fangs are very brittle, and therefore 
liable to be broken off, a number of small “reserve fangs” are 
imbedded in the jaw at the base of the one actually in use, and 
these grow up one after another as required. 

Poisonous snakes even more than some of the harmless kinds 
are accredited with powers of "fascination”; in other words, 
they appear to be aljle to hypnotize their prey. It has been 
suggested that the rapid movement of, the tongue may play an 
important part in this process, just as in the human subject a 
state of trance can often be brought about by gazing at a rapidly- 
revolving mirror or “lark-mill ”. 

Some of the venomous serj)cnts are so coloured and marked 
that they harmonize with their surroundings; a case of “aggre.ssive 
general resemblance ”, .so called because it aids them in their 
pursuit of prey, which are thus apt to be caught unawares. 
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AMPHIBIA 

VVc find the members of the class Amphibia preyinjj upon 
insects, worms, snails, and the like, lx>th on land and in fresh 
water. Only a few of the more striking adaptations in the 
group will be mentioned, and in this connection one of the most 
interesting sfiecies is the common Grass Frog {JRana temporaridy 
Like the Chameleon, this animal is capable of changing its hue 
according to the nature of its surroundings for the time being, 
the alteration in colour being, however, less rapid. The Frog 
also posses.ses a sticky tongue, which can be shot out for some 
distance for the purpo.se of Pitching insects, but the mechanism 
is somewhat different from that present in the Chameleon. The 

tongue here is forked, not club- 
ended, and when not in use is 
directed backwards, its attached 
part being fi.\ed to the floor of the 
mouth far forwards. When shot 
out, an action which can be very 
rapidly effected, its tip brushes past 
the front part of the roof of ,the 
mouth, taking up some of a sticky 
fluid which exudes from some spe- 
cial glands belonging to that region 
(fig. 364). The tongue is then quickly drawn back into the 
mouth, carrying the ca; ch with it. 

The Common Toa< (Bufo vulgaris) captures prey much in the 
same way as the Froj^ (fig. 365), and it is also fond of worms, 
tackling even large on|;s with the aid of its feet 

Some of the tailless Amphibians, such as the Tree-Frogs, of 
which a I^ftle green species {Hyla Europea) is well known on 



Fig. 364.— Tongue of Frog extended to aecure 
ita Prey 
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the continent of Europe, are aboreal in habit, and harmonize in 
colour with the foliage which surround them. , 

Tailed Amphibians differ a good deal among themselves as 
^regards their habits. Some of them, as the Spotted Salamander 
{Salaniandra maculosa) (see vol. i, 
p. 246), devour snails and such 
other small* invertebrates jus are to 
be found in damp phices on the 
land, while many are aqiuitic, among 
these being the Newts and Fish- 
like Sjilamanders. 

Cases have already been noted 
of snakes and .snake-like lizards 
which burrow in the ejirth, and this 
habit also finds illustration Jimong the Amphibia in the case of the 
•blind and limbless Cmcilians (see vol. i, p. 255), which possess long 
worm-like bodies, and pursue ejirth worms, &c., underground. 



jf‘5 —Toad t'alihtng its Prey 


FI.SHE.S 

The enormous class of Fishes is pre-eminently carnivorous, 
and its members present many interesting structurjil features 
having reference to the nature of the food. 'I'he several orders 
may be considered in succe.ssion. 

LUNG-FISHES OR MUD-FISHES (Dipnoi) 

The Lung-Fi.shes or Mud-Fishes (Dipnoi) (see vol. i, p. 265) 
of Africa, South America, and Australia, are all carnivorous, 
and their mouths are armed with broad bony plates suited for 
crushing. The South American Mud-Fish {Le/iWoslrcn) of the 
Amazon and Paraguay rivers has been shown, in the latter locality 
at least, to feed very largely upon a large kind of fresh-water 
snail (Ampu/laria), the shells of which are easily crushed by 
these strong dental plates. The habits oA the African Mud-Fish 
(Protqpicrus), judged by the behaviour ofi captive specimens, are 
in many respects similar, but their diet wAuld appear to be of a 
more varied character. Semon {In the Afustraliau Bush) makes 
the following remarks about the food of trfe Australian Mud-Fi.sh 
{Ceratodus): — “Now and then our baits of meat or molluscs 
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attracted a Ccratodus, and this proved that the Australian lung- 
fish is by no means a vegetarian, as has hitherto 'been thought. 
On opening the animal, the intestinal canal will indeed almost 
always be found filled with green vegetable matter, partly com-, 
posed of leaves and blossoms of gum- and tea-trees, carried into 
the river by the wind, pjirtly of genuine water-plants. But noting 
that Ceratodus took so well to animal bait, I grew doubtful 
whether the above-mentioned plants are eaten for their own sake, 
or for the .sake of the many little animals; craw-fish, worms, snails, 
shell-fi.sh, and in.sect-larvai, which they harbour. On examining 
the contents of the intestines, I found that the tough fibres of 
the plants are not digested, but leave the body in an almost 
unchanged state. They ar<i, so to say, but the vehicles of the 
food itself, which is of essentially animal character.” 

ORDINARY BONY FISHES (Teleostei) 

The ordinary Bony Fishes (Teleostei), which include the 
vast majority of existing piscine forms, present many examples 
of special adaptations to an animal diet. A very lai^e number 
of species are provided with numerous small, pointed teeth, which 
are of no use for ma.sticatory purposes, but constitute an efficient 
.seizing apjxiratus, fatal to many sorts of prey, from other fishes 
downwards. Among common predaceous species which possess 
numerous teeth of this kind are the Fresh-water Perch {Perea 
fltwiatilis) and its many allies, the members of the Mackerel 
Family, and the voracious Pike {Esox Incites), It is the rule for 
the teeth to be backwardly-directed, so that the prey cannot escape 
iifter having been once .secured. 

Lures . — A further specialization in the direction just indicated 
is found in the ugly Angler- Fish or Fishing- Frog {Lophius 
piscatorius) (fig. 366), common in shallow water round our coasts. 
Here the huge mouth is beset with large, pointed teeth of various 
sizes, those in front being hinged on the jaws so that they are 
easily pressed down t6 admit of the entry of prey, for which, 
however, exit is quite/ another matter, as, after depression, the 
teeth spring up again ^by the action of elastic ligaments. This 
ungainly fish lurks on^jthe bottom, with which it harmonizes in 
colour, the hue being capable of alteration to suit different sur- 
roundings -(aggressive variable coloration). Its paired fins are 
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used for crawling, and also for heaping up loose material around 
its body. When in wait for prey it remains giotionless, and 
there are tags of skin attached to the matgins of the jaw which 
float out and look like bits of sea-weed. And further, it is 
possessed of a fishing-rod carrying a “ lure ”, for the long spines of 
the first dorsal fin are unconnected by membrane, and the fir^ of 



Fig. -—Angler- Fish {Lophitu pucatoriu\) 


them broadens out into a sort of flap, which waves about a little 
way above the mouth, exciting the curiosity of smaller fishes. 
If these are so foolhardy as to venture near, the Angler makes 
a sudden spring and engulfs them in his capacious mouth. 

A still more remarkable arrangement as regards the “lure” 
is to be found in a related species, the Deep-sea Angler (Me/ano- 
cetus Murrayt) (fig. 367), which inhabits depths of from 1850 
to 2450 fathoms. The arrangement is d<^cribed in the following 
quotation from Hickson {The Fauna of the Deep Sea ): — “The 
eyes are very small indeed, the mouth huge and armed with 
long, uneven, rasp-like teeth. At the end of the fishing-rod 
tentacle hanging over the mouth there is an organ that has Jbeen 
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supposed to be ca^Kible of emitting a phosphorescent light I'his 
curious inodifisatiun of the red-worm-Iikc bait of* the common 
shallow-water angler into a will-o-the-wisp lantern, attracting 

little fishes to their destruc- »• 
tion in the deadly jaws of the 
Melanocettts, is qne of the 
most interesting adaptations 
that has been brought to light 
by our study of the deep-water 
fauna.” 

Crushing Teeth. — Many 
bony fishes feed upon mol- 
luscs, hard-shelled Crustacea, 
and other creatures which 
require crushing before they 
can be digested, and in these ' 
forms the teeth, or some of 
them, arc converted into firm 
plates suitable for mastication. 
Such teeth are present in 
the Wrasses, shallow- water 
species which feed on crusta- 
ceans, molluscs, and in some 

Fig 367.— Deep-bCA Angler (VI/r/aiTM'r/i/j 1 ... . 

cases on corals. Many of 
these fishes are provided with a strong, curved upper tooth at 
each angle of the mouth, the use of these being to hold the food 
in position between the crushing front and side teeth. Attention 
may also be allied to the voracious Wolf-Fishes [Anarrhickas), 
gigantic members of the Blenny Family, which inhabit the 
northern parts of the great oceans. In these creatures not only 
are the margins of the jaws provided with strong blunt teeth, 
but there is also a longitudinal band of similar teeth on the palate. 

Electric Organs . — Certain fishes are provided with electric 
organs, with which they are believed to kill or stun their prey, 
and which have been produced by modification of some of the 
muscles (fig. 368). Th^Dse belonging to the group now under 
consideration are inhabitants of fresh water. They include the 
Electric Cat-Fishes of tropical Africa and the Electric-Eel from 
tropical South America. The last may be as much as 6 feet in 
lengt}i. 
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Shore- Hunters . — ^Widely distributed along the tropical and 
temperate coa^s of the world are to be found the iGobies, which 
constitute a family of small carnivorous species. Some of these. 


'known as Mud -Skippers, abound in the 
I ndo- Pacific region and arc represented on 
the west goast of Africa, one extremely 
common kind from the former area being 
Periophthahnus Koelrcutcri. This, like the 
other allied species, instead of keeping to its 
own proper element, makes a hunting-ground 
of the shore between tide-marks, especially 
when it is muddy or uneven, and littered 
with brown sea weeds or mangrove roots. 
Progressing by a series cf hops, effected by 
means of the tail and strong, jxiired .fins, it 
pursues relentlessly small crabs and other 
invertebrates, and such insects as mosquitoes 



have been found in its stomach. The large 
protruding eyes are capable of very free 


Fig. )(iK - Cross'scctioii through 
Muctrii Ktl 

00 , Kiel Inc oigan, alaivc which 


movement, and an investigation of their 

structure has shown that they are as useful Mniciun. i«.i.iw is 

, the vciiti.il fill. 

on land as m the water. 


Insect-Eaters . — Insects are included in the diet t)f the last- 


named fish, and it is, of course, a common thing to see fish rise 
at “ Hies” which fall into the water, but a much more interesting 
case is that of the Beaked Chelmon {Chc/mon rest rat ns), an in- 
habitant of Indian rivers and estuarie.s. It possesses a long 
tubular snout, from which it is said to be able to eject drops of 
water for a distance of several feet with considerable force, the 
object being to knock into the water insects which have alighted 
on vegetation near the edge. 

Use of Sense Organs . — Among the higher back-boned animals 
cases have been cited where the senses of touch, smell, and sight 
respectively are of importance in the detf^tion or pursuit of prey. 
Ducks, dog-like animals, and vultures may be mentioned as typical 
instances. Fishes afford examples of all three ctises, but it will 
be convenient to postpone details till organs of sense arc dealt 
with in a later section. 
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SHARKS AND RAYS (EtASMOBKANcns) 

Typical Sharks. — The order of Elasmobranch fishes, including, 
Sharks, Rays, and their allies, is essentially a predaceous one. 
Ii> such a typicjil member of the group as the Blue Shark ipOar- 
charias glauc US') (see vol. i, p. 285) the jaws are found to be armed 
with numerous rows of sharp triangular teeth, forming very effi- 
cient offensive weapons. The large mouth is situated far back 
on the under side of the head, a fact which accounts for the well- 
known habit this and other sharks have of turning over on their 
biicks before seizing prey. This particular .species commonly 
attains the length of 1 5 fett, while allied .sjjecies may be as much 
as 25 feel long. Much larger pro[)ortions arc exhibited by the 
Rondelctian .Shark {Carcharodoti Rondclctii\ which has a wide 
distribution throughout the hotter parts of the ocean, and for 
which a length of 40 feet is recorded. It must not, however, 
be supposed that the size of the prey is proportionate to the size 
of the shark, or that all large species are dangerous to man. The 
size and character of the teeth afford a much safer guide to the 
habits. For example, the Basking Shark {Cctorhinus niaxitmis), 
which is the biggest of its kind to lie found in the North Atlantic, 
attciining as it does a length of 30 feet or more, is perfectly harm- 
less if left alone, and feeds ufxjn comparatively small animals. In 
accordance with this its numerous conical teeth are of small size. 

"Shepherding" of Prey. — Another interesting species with rela- 
tively small teeth is the Thresher {Alopecias vnl/>es), distinguished 
by the extreme length of the upper lobe of its tail, which is longer 
than the rest of the body. The food consists of fish which swim 
in shoals, such as herrings, and the common name indicates the 
function of the long tail, which is used as a flail to beat the water, 
so that the frightened prey may be induced to herd clo.sely together, 
with the result that their capture is easy. 

Saivs. — Teeth are bv no means the only weapons of offence 
possessed by the Sharlc tribe. In Saw-F'ishes {Pristida), for 
example, which are widely distributed through the hotter parts 
of the .sea, and are known to ascend some of the Indian rivers, 
the snout is drawn out into a long flattened process armed on 
either side with a row *of powerful tooth-like scales, that have 
nothing to. do with the ordinary Jaw -teeth (fig.' 369). Such 
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“saws" are among the common objects seen in museums, or 
brought home* by sailors. Powerful side -strokes tan be given 



Pig 361).— Saw-Kwh {Pntiis attUquorutn) 


with these formidable weapons, which in extreme cases may be 
6 feet long. 

Crushing Teeth . — Some sharks present a |)arallel to the 
arrangements already descrilxid for Wrasses and Wolf- Fishes, 
their teeth having broad crushing crowns adapted for breaking 
the hard investments of various invertebrates. An example is 
furnished by the Port Jackson .Shark {Cest radon Philippi) 



Fig. 370 —Port Jackin Shark {Cestraeitm Phtlippi) 


(fig. 370), which feeds upon molluscs, and in which the mouth 
is placed at the front end of the head, a more convenient place 
than is usual among sharks. In this fish the front teeth are small 
and pointed, while the remainder are adapted for cru.shing. 

]^ys and Skates (see vol. i, p. 289) are bottom-fishes, inca- 
pable of swimming with the rapidity characteristic of typical sharks. 
They therefore, as might be expected, feed chiefly upon inver- 
tebrates, in accordance with which their nujnerous rows of closely- 
packed teeth are small in size. In such cases as the Eagle- 
Ray {Myliobatis aquila) (fig. 371) the teeth are broadened W3ut 
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into six-sided plates, united alonjj their edges, and forming a 
sort of pavemtnt well suited for crushing purpose!?. In some of 



37 <• Haglc Ray nr/tt/Za) 


the allied species there is an arrangement supposed to compensate 
for the inconvenient position of the mouth, which is not only 

placed far back on the under side, but 
also, owing to the flattening of the 
body, docs not extend to the sides. 
The specialization in question consists 
of a horn-like projection on either side 
formed from a part of the pectoral fin. 
These horns arc supposed to play the 
part of hands, and convey food to the 
mouth. 

Some of the Rays, however, are 
enabled by special devices to prey 
upon fishes capcible of much swifter 
movement than they are themselves. 
The colour and markings of the upper 
surface, for instance, may be such as 
to bring about so clo.se a resemblance 
to the adjacent sea-bottom that other 
fishes venture within reach; and, fur- 
ther, some Rays have slender tails, 
provided with sharp spines, enabling them to seize and wound 
their prey^(fig. 371). The Electric Rays (fig. 372), of which a 
consmon type is the marbled species {Torpedo mamiorata), are 



Fig 37a > Electric Kay 



FISHES 


9 * 


provided with electric oi^ns, by which other fishes may be killed 
or rendered poVerless. • 


• ROUND-MOUTHS (Cvclostomes) 

* The lowest Vertebrates which have any claim to lie included 
among the filhcs arc the Round- Mouths or Cyclostomcs, including 
the Lampreys and Hags, which have a 
wide distribution in both hemispheres. 

They are eel-like creatures, remarkable for 
the absence of a lower jaw. so that they 
are unable to bite in the ordinary' .scn.se of 
the word. Notwithstanding this, they are 
cs.sentially carnivorous in habit, and prey 
upon other fishes. If, for example, we 
o.\amine the common fre.sh-water Lamj>ern 
(Petromyzon Jlui>iatilis) (.see vol. i, p. 291), 
or the larger Sea Lamf)rey (/*. marinus), 
we shall find that the mouth opens in 
the middle of a large bell-shaped sucker, studded with horny teeth. 
A muscular projection, the tongue, also provided with powerful 
teeth, can be alternately protruded from and withdrawn into the 



I**'!;* .'17'^ *- Siictoiinl Mouth of 
Laiiipiuy {Pftromyum) 



Fiff* 374'-‘Hi»g-Fish ^ MyxUte gtutinosa) 


moutL The sucker is firmly attached to the prey, and the tongue 
is then used as a rasp for scraping away parp of the fic.sh (fig. 373). 

Still more specialized is the Hag-Fish {Alyxitie glutimsa) 
(fig. 374), in which the degenerate and useless eyes are sunk 
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below the skin, and which possesses the unpleasant property of 
secreting enormous quantities of slime by means of the glandular 
skin. This creature is able actually to bore into the bodies of 
other fishes, though the common idea that a cod can swim about 
with a hag-fish half-imbedded in it rests on slender foundation. ^ 
The fact appears to be that when cod arc caught on ^eep-sea lines 
they arc often attacked by the hag, which bores some distance into 
them before they are pulled up. 


PRIMITIVE VERTEBRATES 

The lowly Vertebrates, or more properly speaking Chordates, 
wnich are inferior in the scale to Fishes, feed to a large extent on 
animal matter, but as their diet is also in part of plant nature it 
will be best to leave them till omnivorous forms arc described. 



CHAPTER VIII 

THE FOOD OF ANIMALS— NEMERTINES AND 
CARNIVOROUS MOLLUSCS 


Having briefly dealt with Vertebrates, we now proceed to the 
consideration of the food and feeding habits of carnivorous Inver- 
tebrates, beginning with Nemertinks, and taking next the great 
phylum of Mollusca. 


NEMERTINES 


These curious worm-like marine forms, which have been d<!- 
scribed elsewhere as regards their structure (see vol. i p. 306), 
are purely carnivorous, preying upon all sorts 
of creatures, both alive and dead. The mouth 
and front part of the digestive tube are capable 
of a large amount of dilauuion, enabling com- 
paratively large bodies to be swallowed with 
ease. The mo.st remarkable peculiarity of these 
animals is the possession of a long tubular 
“proboscis”, which, when not in use, is con- 
tained in a sheath running along the upper 
side of the body, from which it can be shot out 
with great rapidity through a small hole situ- 
ated in most cases in front of the mouth, though 
sometimes placed within it. The prol^scis 
appears to be used for seizing food, and in a 
large number of forms its tip is provided with Nrm«ri.«i’~Ji'r'pr.b2Ki! 
a sharp stylet, at the base of which poison- 
glands open (fig. 375). This is probably to m proboMii; 

f r r Itylot: one of the 

be regarded as a means of overpowering two mus contabiaK tewnw 

pgt,, poifon-gland: 

P* • r « , retractor muacle. 
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CARNIVOROUS MOLLUSCS 

t « 

CUTTLE-FISHES AND SQUIDS (Cefhalopods) 

The members of the highest class of Molluscs, the head-footed 
creatures emijraced under the term Cephalopoda, are essentially 
ra.[)acious, and typical in this respect are the Cuttle-Fish {Septa 
officinalis), the Sejuid {Loligo tmlgaris), the Octopus or Poulpe 
{Octopus vulgaris), and the Musky Octopus {Elcdone mosckalus). 
In the absence of limbs these creatures possess very effective 
weapons of offence, formed by modificiition of a part of the 
typical molluscan organ known Jis the /ool, and which in its 
simpk'st form, as seen in a common snail, consists of a muscular 
outgrowth from the under side of the body, presenting a creeping 
sole-like surface. In the case of, say, a cuttle-fish, the front part of 
this foot has grown round and fused with the head, hence the name 
head-footed molluscs. And this region is drawn out into a number 
of slender arms capable of being .stretched out till they look like 
whip-hushes, there being eight of them in an octopus and ten in a 
cuttle-fush. In the latter, two of the arms are much longer than 
the rest and e.xpandcd at their ends, while they can also be 
drawn back into special pouches. The mouth of the animal is 
situated between the ba.ses of the.se arm.s. (See vol. i, fig. 179.) 

Not only are the arms e.xtremely extensible and capable of 
being twined around any animal attacked, but they are studded 
on their inner sides with suckers (stalked in cuttle-fishes, unstalked 
in octopi), by means of which a most tenacious grip is maintained. 
Each sucker is a little cup, the margin of which is provided with 
a toothed horny ring for the prevention of .slipping, and within 
which is a muscular projection that can be drawn back piston-like 
.so as to produce a vacuum. After being seized by the arms the 
prey is drawn to the mouth, which is furnished with a pair of 
.strong horny jaws closely resembling the beak of a parrot (fig. 
376). After this has fjxed itself firmly to the body of the animal 
the rasping organ is brought into action, and this structure is so 
important that it merits a somewhat detailed description. 

A rasping organ, or, to use the technical term, odontopkore 
(Gk., odous, odonlos, tooth; pherd, I bear), is eminently character- 
istic of all the Molluscu, with the exception of the bivalve forms, 
and is just as useful to the vegetarians as to the carnivorous 
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species. It consists of (vol. i, fig. 199) a cushion rising up from 
the floor of the mouth, and supported by hard parts of a gristly 
nature. Stretched over this swelling from front to back is a 
horny ribbon-shaped structure, the radula (L. radtila, a scraper), 
‘the surface of which is beset with regular rows of small, sharp, 
horny teeth. By means of appropriate muscles the odontophorc 
can be somCwhat protruded, so as to press against the object to 



Fig. 376 —Beaks of Cuttle*Fi»h [Sefiia offitinaUs) 

A, From below (the radula on its cushion is seen within). From the side, c, latwer beak, d, Upper beak 


be rasped, and there arc also muscles by which it can be drawn 
back again and put out of action when required. Within the 
•cushion of the odontophore are other small muscles for working 
the radula (which rests loosely upon its support) backwards and 
forwards, after the manner of a chain-saw, so as to rasp very 
effectively anything to which it may be applied. The gristly 
supports of the odontophore give points of attachment to these 
little muscles. After a certain amount of work the teeth of the 
radula become blunt and worn, but this contingency is provided 
for, as the ribbon is continually growing^ forwards, much like a 
finger-nail. And just as by gently moving a finger-nail up and 
•down you can see that' it runs back under a fold of skin to a 
■“root” where new nail is constantly being formed, so can the 
radula be followed back into a projection, the radula sac, out of 
which it is continually growing. This toq^hed ribbon, which con- 
stitutes the actual scraping part of the odontophore, is often called 
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the “tongue” or “palate”, and will usually be found described 
as such in ca^ogues of microscopic objects. It i^ of importance 
in classification, for the teeth vary in number, nature, and arrange- 
ment in different species. 

SNAILS AND SLUGS (Gastropoda) , 

From Cephalopods we pass on to the enormous group of 
Snails and .Slugs, i.e. to the Gastropoda, of which vast numbers 
arc carnivorous. It is interesting to note that by cursory inspec- 
tion of the empty shell it is pos- 
sible to tell whether the inhabi- 
tant subsisted on animal or vege- 
table matter, for in the former 
case the opening or mouth is 
notched, in the latter continuous 
or entire. The notch is for the 
protrusion of a tubular organ 
(the siphon) related to the breath- 
ing function, and which will be 
described in a subsequent section. 
The teeth in the radula of a car- 
nivorous gastropod are usually 
comparatively few and specialized. 
Their form is often strongly 
curved, or it may be hook-like (fig. 377). 

One of the commonest and most voracious inhabitants of the 
zone between tide-marks round the British coasts is the Purple- 
Shell {J^urpiim lapillits) (fig. 378). This is possessed of a pro- 
trusible snout, armed with a strong odontophore, and it plays 
havoc with other Gastropods and with Bivalves, especially mussels. 
These may either be attacked through the opening of the shell, 
or, failing this easy path, the Purple -Shell bores through the 
firm investment of its prey. One commonly picks up the loose 
shells of small bivalves in which a neat round hole has been 
drilled, and as often as not this has been the work of a Purpura. 
These snails may also be found crawling about projecting rocks 
studded with acorn barnacles, the firm shells of which they per- 
forate in much the same way and with the same object in view, 
and a little careful observation will often result in the detection 



377 - A single row of Teeth from ra«lul.c of Carni- 
vimiiis Snails ^greatly enUrgcil) 

A, From (ilaiulina (a land*siiail), n, From Whelk 
{Bmentunt umiatuw). On the nght is shown the entire 
radula (natural bizc) 
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of the aggressors actually at work. The rasping noise made by the 
radula as it hopes through the barnacle’s shell is readily audible. 



Fig. 378 — Ihe PuipIe*Shell {Pur^ma Infillta) Hic sm.tll figure showk an individual cnwiing 


Another common carnivorous sea-snail, much larger than the 
Purple-Shell, and rapacious in proportion to its size, is the 
Common Whelk {Jiuccimim undaittm) (see vol. i, p. 321), * 

abundant in shallow water. The rasping apparatus is 
lodged in the tip of a very long narrow proboscis, which 11 
can either be protruded or drawn completely hack into jl 

the body. Whelks chiefly prey upon bivalve molluscs, II 

even some of the burrowing species not being exempt | 
from its attacks, and it is one of the many enemies of 1 
the oyster. ^ 

The Cone- Shells, most of which are tropical, are 
interesting in the present connection because the bite is 
poisonous in some, perhaps all, of the species (fig. 379). 

That any sort of sea-snail should bite a human lieing 
seems at first sight somewhat singular, but» Cone -Shells, 
when incautiously handled, have done so, and this led 
to the discovery that .some of these forms are poisonou.s. 

Method of Shell-boring . — Such molluscs as the Purple- “p*™ »«" 
Shell, Whelk, &c., are commonly supposed to depend 
entirely on the radula as a means of penetniting the shells of their 
victims. It certainly does assist in the process (see above — Purple- 
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Fitf iRo. - A biiriiiK carnivorous Sea-Snail {Natica 
you^hittai 

1 he front of the foot is folded hack, and above it ih seen 
the projeotinis snout with boring organ {a). 


Shell). Unaided, however, this structure d6es not seem powerful 
enough for the*purpose, and even if it were, it is dififipult to see how 
a riblxm-shaped organ could be employed to bore a round hole. 
The matter has been carefully investigated (by Schiemenz) in 

a species of Natica (A^. jose- 
phina) (fig. 380), a sea -snail 
possessed of a very large foot, 
by means of which it burrows 
in the sand in pursuit of the 
bivalves upon which it chiefly 
feeds, and which are commonly 
found buried in an oblique 
position, with the posterior end 
projecting at the surface. The 
Natica appears to detect its 
prey by means of the sensi* 
tive front-end of its foot, which 
is then folded back so as not to interfere with the action of the 
proljoscis, and at the same time co-operates with the rest of the 
foot in grasping firmly the front end of the unfortunate bivalve. 
The proboscis is now protruded, and close to the under side of 

its tip the true boring 
organ is seen as a 
circular disc, upon the 
surface of which a 
large number of little 
glands open. This 
structure is applied to 
the shell to be per- 
forated, and an acid 
fluid is poured out from it which dissolves the shell over a 
small circular area of corresponding size and shape. As soon as 
a hole has been made, it would seem that the radula helps to 
enlarge it, and is afterwards used for rasping the flesh of the prey 
through the breach made in its defences (fig. 381). The exact 
mode of procedure in Whelk, Purple-Shell, &c., has not yet been 
determined, but there is little doubt that an acid secretion is 
brought into play. It is well known that the so-called salivary 
glands of a number o£ the predaceous sea-snails contain an ap- 
preciable quantity of free sulphuric acid, and it is suggested that 





Fig. 381 —Bivalve Shcllsi bored by Natica 
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this is used to eat away the shells of the molluscs, &c., attacked 
by such creatures. This is a good example of the numerous cases 
where our knowledge of the habits of common animals is woe- 
fully incomplete, and is just the kind of problem which might be 



attacked with fair chance 
of success by local natu- 
ral history clubs, given 
patience and the power 
of accurately observing 
details. Most profes- 
sional zoologists, unfor- 
tunately, are too much 
taken up with labora- 
tory work to attend to 
such matters, though 
the study of animal ha- 
bits is perhaps the most 
interesting branch of 
their subject 



Fig 38a — HcteropoJs 

A, Atlanta: i, snout: a, foot, 3, operculum, 4. shell. 11, Pterotrachea: 1, gills; a, foot, j. snout 
These creatures swim upude down as represented. 


Heteropods. — Among predaceous Gastropods are the free- 
swimming marine forms known as Heteropods (hg. 382), in which 
the foot is more or less completely transformed into a fin, by 
means of which the animal swims with its upper surface directed 
downwards. Like animals of pelagic habit generally they are 
of almost glass-like transparency, and may or may not be 
provided with a shell. Atlanta, for example, has a spiral shell, 
Carinaria a cap-shaped one, and Pterotrachea none at all. They 
possess a long snout, in the end of which the rasping orgag is 
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lodged, and prey upon jelly-fish and other floating forms with 
which they are* associated on the high seas. 

Tkctibranciis. — So far examples have been given of the fore- 
gilled Gastrojxxls only, but carnivorous types are found among 
the hutd-gilUd subdivision as well. The Tectibranch members 
of the group arc provided with a shell, though this may in some 
cases be a mere plate sunk below the surface to a greater or less 
extent. The burrowing form. Scaphander, is a good example 
of cjuite a different mode of procedure from that adopted by 
whelk, &c., for instead of boring holes in the shells of compara- 
tively large animals, it selects for its prey small molluscs and the 
like, which can be conveniently swallowed whole, after which they 
are crushed by the action of a powerful gizzard armed with firm 
calcareous plates. Similar in habit and structure are the Bubble- 
Shells (.see vol. i, p. 324); and so is one of the most abundant 
British Tectibranchs, Philine aperta, a little white creature with 
its delicate shell completely hidden from view, and which feeds 
very largely upon Foraminifera. 

Sea-Si.ugs (Nudibranchs). — Some of the Sea-Slugs, consti- 
tuting the shell-less Nudibranch section of the hind-gilled group, 
are also flesh- eatens. An instance is yEolidia, in which the 
body is .studded with tentacle-like outgrowths, and which chiefly 
attacks soft creatures like sea-anemones. It is not uncommon 
between tide-marks on some parts of our coast. A related 
genus, Glaucus, is of a beautiful blue tint, and drifts about 
in the open sea attached to sea-weed. It preys upon jelly-fish 
and the like. 

Lung-Snails (Pu/mona/es ). — Though most of the lung-breath- 
ing Gastropods, including the land-snails and slug.s, as well as 
some of the freshwater snails, feed upon vegetable substances, 
there are some kinds which are exclusively carnivorous. Among 
these may be mentioned certain slugs belonging to the genus 
'restacella, in which there is a small cup-shaped shell borne on the 
tip of the tail. These .creatures are among the many enemies of 
earth-worms, which they pursue underground. 



BRITISH SEA-SLUGS {^Nudibramhs) 

(After Alder And ILincock.) Drawn to various scales 


These beautiful little creeping Molluscs arc devoid of shells, nor 
do they possess the typical gill-chamber with gills characteristic of 
their allies the Sea- Snails. Some, however, arc provided with a 
circlet of feather-like breathing-organs surrounding the intestinal 
aperture (see f, 2, 4). Together with (see 1 and 2), or in the 
absence of these (see 3 and 5), there may be a varying number of 
simple or branching outgrowths (ccrata) from the upper side of the 
body, which are provided with defensive stinging-organs. 

Nudibranchs arc either coloured so as to harmoniise with their 
surroundings (^^ general protective coloration”), or in such a way 
as to make them very conspicuous (^‘ warning coloration ”). The 
latter state of things advertises unpleasant properties by way of 
smell or taste, and gives a certain amount of protection against 
fishes, &c. 

•1. Triapa clcwij^er, 

2. Thecacera pennigeni. 

3. Eolis corona/a. 

4. Doris coccineon 

5. Doto coronaia. 




BRITISH SEA-SLUGS (nudiBKANCHS) 

1. 1 nupa da\ igi'i 2 Thccacera ii«*nni|fna 3. Eolis coronatn. 

• 4. Icon's If iii’iiiea. 5. iJiito coron.it.i. 




CHAPTER IX 


THE FOOD OF ANIMALS— CARNIVOROUS INSECTS 


The huge phylum of Arthropoda embraces an extraordinary 
variety of forms adapted to life under the most diverse conditions, 
and frequently of carnivorous habit The most characteristic 
feature in all these animals is the possession of paired, jointed 
limbs, specialized for the performance of various functions. Some 
arc used in locomotion, others serve as wea{)ons of offence and 
defence, and others again act as jaws. The nervous system and 
,sense oi^ans are exceedingly well developed, and this is asso- 
ciated with extreme activity and, in certain cases, with intelligence 
of a high order. 

Arthropods are divkled into two great groups — one of Air- 
breathers (Tracheata), including Insects, Scorpions (and their 
allies). Centipedes and Millipedes, and the primitive form Peri- 
patus; the other of aquatic Gill-bearing forms (Branchiata), 
embracing Crustacea and their allies. It will be convenient to 
begin with Insects and finish with CrustaceiL 

INSECTS (Insecta) 

Insects include the large majority of land animals, and of all 
terrestrial invertebrate groups have been most successful in the 
struggle for existence. This no doubt results from their great 
activity, which in its turn is dependent ujDon very perfect arrange- 
ments for purifying the blood and introducing fresh oxygen into 
the system. Nor must it be forgotten that most members of the 
class are endowed with the power of flight, which is in itself a 
great advantage, especially in the search for suiuible food. The 
possession of this power largely accounts for the wide distribution 
of the group. A simple and typical insect, the Cockroach, has 
been described at some length in vol. i, p. 343, and it is not 
necessary to repeat much of what was there said, though a few 
of the more salient points may with advantage be reviewed. 7 'he 
body of an insect is clearly divided into three distinct reg^ns: 

in 
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(1) the head, provided with feelers (antennae), eyes, and other 
sense organs, dnd bearing three pairs of limbs specialized as jaws ; 

(2) the thorax, carrying three pairs of legs and two pairs of wings; 
and (3) the abdomen, devoid of obvious limbs, though modified 
traces of these are usually present at the hinder end. For our 
present purpose the jaws merit special attention. They are known 
as mandibles, first maxillae, and second maxillae, when taken in 
order from front to back, and are clustered together in the neigh- 
bourhood of the mouth-opening, the first pair of them being 
overlapped, by the second, and these again by the third. In the 
Cockroach they are in a comparatively simple condition: the 
mandibles are strong, horny jaws adapted for biting; the first 
maxillae are also provided with cutting pieces; and the second 
maxillae are partly fused into a sort of plate which acts as an 
under lip, or labium as it is often called. Jointed feelers or 
palps are borne by both pairs of maxillx, and are termed 
respectively maxillary palps and labial palps. It should further 
be remarked that a broad upper lip or labrum overhangs the 
mouth in front, and the mandibles and first maxillae work from 
side to side in the space between upper and lower lips, effectively 
biting anything that may happen to be between them. An 
insect with jaws of the sort just described is said to have 
biting mouth-parts; but in other cases the corresponding parts 
may be specialized into sucking, licking, or piercing organs, as 
will be shown in the sequel. Indeed, the mouth-parts of insects 
afford one of the best- known illustrations of modifications for 
special purposes based on a common type or plan of structure, a 
principle which frequently recurs in the animal kingdom. 

The nine orders of Insects may roughly be divided into two 
sets, according as the mouth-parts are suited for biting or modified 
into suctorial structures. 

A. — Insects with biting mouth-parts (in the adult). 

1. Membrane-winged Insects (Hymenoptera).— Bees, Wasps, 
Ants, &c 

2. Beetles (Coleoptera). 

3. Net-winged Insects (Neuroptera).— Dragon-Flies, Termites, 
May-Flies, &c. 

4. Straight-winced Insects (Orthoptera).— Cockroaches, Cricket^ 
Locusts, Grasshoppers, Earwigs. 

5. Wingless In.sects’ (Aptera). — Primitive forms, in some of which 
the ^outh 'may be imperfectly suctorial 
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B. — Mouth more or less perfectly suctorial (in the adult). 

6 . Moths and Butterflies (Lepidoitera). * 

7. Flies and Fleas (Diptera). 

«. Fringed-winged Insects (Thysanoptera). — Com-Thrips, && 

9. Bugs (Hemiptera). 

The alcove grouping is founded on the structure of the mouth- 
parts in the adult, but these may be quite different in the larva, 
in correlation with different habits. A caterpillar, for example, 
has biting mouth-iKirts, but the corresponding organs of the moth 
or butterfly into which it ultimately develops arc purely suctorial. 

MEMBRANK-WINGED INSECTS (IIymenoptera) 

This order is regarded by many authorities as the highest 
among insects, not so much perhaps on the ground of complexity 
• of structure as on the .score of a marvellously-developed intelli- 
gence, seen more particularly in the social species of ant, bee, 
and wasp. Details relating to the social economy of such forms 
will be given in another connection, when the association of 
animals is considered ; here we are only concerned with the 
question of food. Ordinary British species arc omnivorous in 
habit, but certain tropical forms show a marked predilection for 
animal food, and some of them migrate from place to place in 
formidable armies which make a clean sweep of everything that 
comes in their way. 

Predaceous Ants. — This is the case, for instance, with the 
much-dreaded Driver- Ants {Anomnia arcens) cf West Africa, 
regarding which not a few unpleasant stories are current, such 
as the reported tying-up of criminals in their path and so forth. 
Their habits have been described by Savage, who states that 
they check " the more rapid increase of noxious insects and smalldr 
reptiles; consume much dead animal matter, which is constantly 
occurring, decaying, becoming offensive, and thus vitiating the 
atmosphere, and, which is by no means the least important in the 
Torrid Zone, often compelling the inhabitants to keep their 
dwellings, towns, and their vicinity in a state of comparative 
cleanliness. The dread of them is upon every living thing. . . . 
Their entrance into a house is soon known by the simultaneous 
and universal movement of rats, mice, lizards, Blapsidx, Blattidx, 
and of the numerous vermin that infest our dwellings.” These 
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Driver-Ants are blind and do most of their hunting at night 
Bates (in The Naturalist on the River ^masons) has graphically 
described the somewhat similar habits of certain South American 



Fig 38J — Furaging-AnU {EcitoM katnata) on the macth 


Foraging-Ants belonging to the genus Eciton (fig. 383). As 
in so many other insect communities there are here not only 
males and females but also “ workers ”, in this case of two kinds, 
large -heads and small -heads, the former being possessed of 
particularly- powerful mandibles, styled simply *‘jaws” in most 
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'works on natural history. It should further be notejd that in most 
ants, as also in bees and wasps, the females and workers (which 
are really undeveloped females) possess a poisonous sting in the 
hinder-part of the body. This consists essentially of a couple 
of slender-toothed stylets, enclosed in a sheath, and connected 
with a poison-gland, of which the secretion contains formic aclH, 
a substance which indeed owes its name to the fact that -ants are 
the source from which it was first derived (Lat formica, an ant). 
Bates speaks as follows of the two commonest s{)ecie.s of these 
h'oraging-Ants {Eciton haniata and E. drepanophora \. — “These 
Ecitons are seen in the pathways of the forest at all places on 
the banks of the Amazons, travelling in dense columns of countless 
thousands. . . . When the pedestrian falls in with a train of these 
ants, the first signal given him is a twittering and restless move- 
ment of small fiocks of plain-coloured birds (ant-thrushes) in the 
jungle. If this be disregarded until he advances a few steps farther, 
he is sure to fall into trouble, and find himself suddenly attacked 
by numbers of the ferocious little creatures. They swarm up 
his legs with incredible rapidity, each one driving its pincer-like 
jaws into his skin, and with the purchrise thus obtained, doubling 
its tail, and stinging with all its might . . . The errand of the 
vast ant-armies is plunder. . . . Wherever they move, the whole 
animal world is set in commotion, and every creature tries to get 
out of their way. But it is especially the various tribes of wingless 
insects [and other arthropods J that have cau.se for fear, such as 
heavy-bodied spiders, ants of other species, maggots, caterpillars, 
larva* of cockroaches, and so forth, all of which live under fallen 
leaves or in decaying wood. The Ecitons do not mount very 
high on trees, and therefore the nestlings of birds are not much 
incommoded by them. The mode of operation of these armies, 
which I ascertained only after long-continued observation, is as 
follows: — The main column, from four to six deep, moves forward 
in a given direction, clearing the ground of all animal matter, 
dead or alive, and throwing off here and there a thinner column 
to forage for a short time on the flanks of the main army, and 
re-enter it again after their task is accomplished. If some very 
rich place be encountered anywhere near the line of march, for 
example a mass of rotten wood abounding in insect larvx, a delay 
takes place, and a very strong force of an^s is concentrated upon 
it. The excited creatures search every cranny, and tear in pieces 
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all the large* grubs they drag to light.*’ The same naturalist 
gives an account of certain blind species of these ants which 
construct covered roads from grains of earth, un^er which they 
march to suitable hunting grounds. For further details on this, 
fascinating subject the original work must be consulted. 

• Besides predaceous social ants there are also solitary ones of 
similar habit, some of these being British (as, e.g., Muttlla Europad). 

Sand-Wasrs. — There are many hymenopterous insects which 
provide a store of suitable food for their carnivorous young. 



Fig. 384.— Bird-catching Spider {Mygmlt) threatened by a Sand-Waep \Pfpnt) 


a subject which will be entered into more fully later on when 
the care of young is under consideration. It will suffice to say 
here that Sand-Wasps, solitary insects of various species, lay 
their eggs in holes in the ground or elsewhere, sometimes digging 
these out themselves, and drag into these holes caterpillars, 
adult insects, or spiders, previously stinging them in the nerve- 
cord so as to paralyse) but not kill them. Different species of 
wasp select different victims for the purpose. The Common 
Sand- Wasp {Ammopkila sabulosd) prefers caterpillars, the Path- 
Wasp (Pompilus viaticus) spiders, and the Field Sand-Wasp 
{Mellinus arvensis) flics. 

Fig. 384 represents ^ huge South American spider {Mygale) 
threatened by a large wasp (species of Pepsis) of this kind 
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Ichneumon -Fliks. — The provision made for tkeir young by 
the large group of Ichneumon-Flies is still more remarkable, 
for in this case the female deposits her eggs in the bodies of 
insect-larvx, especially caterpillars. When these eggs hatch out, 
an abundant food-supply surrounds them, in the form of the 
stores of r^erve material which are laid up for use when the 
adult stage is gradually being shaped in the chrysalis. 

BEETLES (COLEOPTERA) 

A large number of Beetles are carnivorous in h^bit, and in 
none of them is this more strikingly the case than in the Tiger- 
Beetles (see vol. i, p. 367), of which the commonest British species 
is the Field Tiger- Beetle {Cidndela campestris). This is an 
extremely active insect, which can run with great rapidity, and 
is possessed of considerable powers of flight As is usually the 
*case in predaceous animals, the organs of sense are well developed. 
The most characteristic structures present are the mouth organs, 
which are obviously constructed on the same type as already 
described for Cockroach (p. 102). The mandibles, however, are 
slender but powerful- curved blades, the inner edges of which 
present a series of sharp projecting teeth, and the biting -pieces 
of the first maxillae are studded with strong bristles, while each 
of them ends in a movable claw. The second maxillae are much 
more closely fused into a lower lip than is the case in the Cock- 
roach. These beetles are extremely fierce, and have even been 
known to indulge in cannibalism. Staveley says (in British 
Insects )'. — “The female has often been seen to deliberately dis- 
member and cat her husband, though it remains a puzzle to 
naturalists that the husband — an insect apparently equal to herself, 
or nearly so, in size and power — should submit to this”. The 
larva of the Tiger- Beetle is also predaceous, lurking in a vertical 
burrow in the ground, and attacking small insects which happen 
to pass. 

Ground- Beetles. — Most of the Ground- Beetles (Carabidee) 
are carnivorous, and these include an enormous number of species 
scattered all over the globe. The Violet Ground- Beetle {Caralnts 
violaceus) is often found in houses, where it preys upon crickets 
and cockroaches. It is nocturnal in habit, unlike the Tiger-beetle, 
which hunts its prey during the day. Some of the Ground- 
Beetles excavate burrows, at the mouths of which they wait for prey. 
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RovE-BErirLES. — The Rove- Beetles {Stapkylinida) constitute 
another very Marge universally-distributed family, of carnivorous 
beetles, with slender elongated bodies and short wing-cases. A 



Fig 183 —Newts and Fiesh-watcr Insects. », Great Water-Beetle 'Dyiiscus marginaiis) 
'.A W.itci-bcurptons cmerea) 


familiar native sj>ecies is the Devil’s Coach-Horse {Ocypus olens) 
(see vol. i, p. 368), which, like most of its kind, turns up the 
tip of its tail when interfered with. 

Water-Beetles (fig. 385). — Some of the fiesh-eating beetles 
live in fresh water, and among these is the Great Water-Beede 
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{Dyhscus marginalis)t which preys not only upon invertebrates 
but also upon tadpoles, newts, and small fishes. Tie ugly broad- 
headed larva i^ to the full as predatory as the adult, and its dull 
colour harmonizes with the mud on which it lives, and renders 
it inconspicuous to its prey. The long curved mandibles are 
grooved for the purpose of conducting the juices of the prey to 



Fig. 386.— Scavenging Beetles 

t and 3, Burying-Beetles [Necro^harta GerutanUa and N, ves/ilio). 3 and 4, Adult and larva of black Carrion- 
Beetle {Sii/Aa airatn), 5, Maggot-eating Beetle \Hut*r ^nadrittoiatui^), 6, Bacon-Beetle \Dtrmeites lapdartus). 


the creature’s mouth. A still larger aquatic insect than the one 
just described is the Great Black Water- Beetle {Hydrophilus 
picem), which belongs to a different family, and is interesting 
because it is one of the many cases in which the adult and larva 
differ as to the nature of the food. Herq the latter is active and 
carnivorous, while the adult beetle feeds on vegetable matter, 
and in correlation with this is comparatively sluggish in its move- 
ments. 

Lady-Birds. — The last predaceous beetles to be mentioned 
here are the pretty little Lady-Birds {Coccinella) (see vol. i, p. 366), 
which wage perpetiial war upon plant-libe (aphides), more com- 
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monly knownl perhaps as "green fly”. The larvae of these 
beetles affect iihe same diet as their parents. They are bristly- 
looking creatures of bluish -grey colour flecked with yellowish 
spots. 

Scavenging- Beetles (fig. 386). — Several families of Beetles 
include species which either in the adult or larval stage, or in 
both, feed upon decaying animal matter, or upon s^ins, food of 
animal origin, &c. Of these perhaps the most remarkable are 
the Carrion- Beetles (Silphida), among which the Burying- Beetles 
(species of Necrophorus) are well known fix>m their habit of 
burying the carcasses of small mammals, birds, &c., from under 
which they excavate the earth, afterwards covering them over. 
Their eggs are laid in this carrion, which furnishes an abundant 
supply of savoury food to the larva:. To the same family belong 
the Rove Carrion- Beetles (species of Siipka), of which the larva: 
live, in many species, upon decaying animal matter. Tha 
members of another family (Histeridae) were formerly supposed 
to feed upon the decaying matter among which they live, but it 
appears that this is not really the case, both adult insects and their 
larvie being of predaceous habit, and preying upon fly -maggots 
and the like. The larvie of one widely -distributed family of 
beetles (Dermestidse) feed mainly on dried animal matter, and 
arc found in skins, fur, and even horse-hair, while in the Bacon- 
Beetle {Dermestes lardarius) they are found in different sorts of 
animal food. 


NET-WINGED INSECTS (Neuroptera) 

A large number of the insects contained in this heterogeneous 
and extensive order are predaceous in habit, and in such cases 
the larvie, which in many gfroups are aquatic, rival or excel the 
adults in their bloodthirsty tendencies. Among the most im- 
portant members of the order living on land throughout their 
entire existence are the Termites and Biting- Lice. Termites, 
popularly known as White -"ants”, will be dealt with later on, 
when social insects are described, and in any case only need 
passing mention here, since wood is the staple of their diet, 
though they are also more or less g^ven to cannibalism. 

Biting- Lice are small wingless insects, living as external 
parasites on the bodies of mammals and, more especially, on 
birds (whence the name of "bird-lice” is commonly given to 
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them). The strong mandibles are provided withi sharp teeth, 
■and are well adapted for cutting pieces off the young feathers 
and other epidermal products on which these creatures subsist 
They are quite distinct from true blood-sucking lice, which have 
piercing mouth-parts and belong to the order Hemiptera (Bugs, 
&C.). Some five different species infest fowls, the commonest 
being the I^ale Poultry- Louse {Menopon pallidun^). Everyone 
must have noticed poultry taking “dust baths”, the object of 
which is to get rid of some of these parasites. 

The Snake -Flies (see vol. i, p. 375), remarkable for the 
possession of a long neck, feed upon various small insects, and 
their heads are freely movable so as to enable them the more 
readily to seize their prey. The elongated larva is extremely 
■active and possessed of an unbounded appetite. It lives in rotten 
wood, relentlessly hunting down other insects which have the same 
habitat 

Scorpion-Flies (see vol. i, p. 375) constitute a small group 
in which both the adults and the spiny terrestrial larva: are 
carnivorous. The elongated head is provided with strong, toothed 
mandibles. One of the European species {fiittactis tipularius) 
is particularly interesting, for it resembles a “daddy-long-legs”, 
which no doubt allays the suspicions of the small flies upon which 
it feeds. Should one of these approach too near, it is liable to 
be captured by the hooked hind-legs of the apparently harmless 
insect, which meanwhile holds on to a plant by means of its two 
other pairs of elongated limbs. 

Ant-Lions. — One of the most notable insects in the whole 
order of Neuroptera is the Ant-Lion {Myrmeleo formicarius) 
(fig. 387), a common European form which has been the subject 
of observation for some two centuries. The chief intere.st attached 
to this creature centres in the backwardly-walking larva, to which 
stage the name “ant-lion” is properly applied. Its appearance is 
characteristic, and not calculated to inspire confidence in weaker 
insects, but this does not matter, as it is ,a ca.se where the battle 
is to the “slim” rather than the swift The powerful head is 
provided with enormously-developed curved mandibles, the stout 
thorax bears powerful legs, and the elongated abdomen is of 
oval shape. The ingenious method of hunting adopted in this 
case consists in the digging of a pitfall by the larva, which then 
lurks at the bottom of it The insect *navvy does not begin 




Fig. 387 - -llie Ant-Lion {MyrtneUo formicarius). Perfect Inwt, and Larva with hi Pit 


Then it buries its abdomen in the sand, heaps some of the loose 
material on its head by means of the foredegs, and pitches it 
off with a. Jerk to sonie little distance. The meaning of the 
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broad strong head is therefore at once apparent.,! After going 
all round in fhis fashion it moves inwards and works on a 
narrower circle, and so goes on till a conical pit is excavated, 
at the bottom of which it buries itself, the front part of the head 
only projecting. If now an unfortunate fly, or, still better, an 
ant, steps oyer the margin of the trap, it will begin to lose foot- 
hold, sliding gradually downwards, the descent being rendered 
still more easy by the ingenious ant-lion, which pitches sand on 
the prospective meal. Once seized by the aggressive -looking 
mandibles there is no chance of escape, for a specj^il arrange- 
ment exists by which the juices of the prey can be sucked with- 
out any necessity for leaving go. The beginning of the food- 
tube is in the form of a muscular suction-pump to which a groove 
on the under side of each mandible le^ids, and in this groove 
the long and slender first maxilla of .the same side works back 
!uid fore like a piston. After finishing its meal the bloodthirsty 
larva pitches the shrivelled remains of its victim to some distance, 
partly, perhaps, for sanitary reasons, and it may be to prevent 
other available wayfarers from taking alarm. It is interesting 
to note that certain cousins of the Ant-Lion, though similar in 


appearance, do not dig pit- 
falls. These, however, arc 
active in their habits and pro- 
gress in the usual direction, 
forward and not backward. It 
is supposed that they remain 
in ambush, hidden in dark 
corners, rushing out when a 
favourable opportunity offer-s. 

Mantis-like Net-Wings. 
— Equally interesting, though 
less familiar than the Ant- 
Lion, are the Mantis-like Net- 



Fig. 388.— Mantis Net-Wing [MoHitsptdn) 


Wings {Mantis/>ides) (fig. 388), constituting a small gfroup of which 
the species are mostly found in the hotter parts of the globe, 
though some are natives of South Europe. The great peculiarity 
of the adult insect consists in the structure of the strong fore-legs, 
which, as in the praying mantis, &c., among the Orthoptera, are 
attached close to the head and specialized into a very effective 
fly-trap. The middle section of each leg is studded with strong 
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spines, and tHe end-part of the limb can be folded down on 
these, much as the blade of a pocket-knife shuts down on the 
handle, so as to form a graspinjf structure well suited for seizing 
and holding active prey. The habits of the larva, which when 
first hiitched is a slender creature much like some of the aquatic 
laVva; mentioned ciirlicr, have been described forgone of the 
Eurofiean sfiecics {^Mautispcs Styriaca). At the time when it 
makes its appearance certain .spiders (of the genus Lycosc^) have 
laid their eggs, enclosed in little bag.s. One such bag is sought 
out by each larva, which bites a hole in it, creeps in, and patiently 
waits among the <lcveloping eggs till they hatch out into juicy 
little spiders, the sjid fate of which is to be either at once devoured 
or else killed and re.served for future use. After a time the larva 
sheds its skin and becomes a sluggish grub-like creature, which, 
after making many hearty meals on the reserve spiders, passes 
through further stages, which result in the appearance of the 
adult form. 

The Lacis-wing Fliics (Hcmcroh'iWa' and CArysop/Wa) are small 
fragile insects of common occurrence in Britain, and interesting 
on account of the habits of their larva;, which prey chiefly on 
aphides (“green fly”). The long slender mandibles may be 
described as “sucking spears”, and are used for piercing the 
tender bodies of the prey, from which the juices are extracted 
much as in the case of the ant-lion. Some of these larvae 
(ITcmcrobiiis, certain species of Ckrysopd), which, by the bye, 
have appropriately lx:cn termed “ aphis-lions ”, convert themselves 
into walking cemeteries by covering their spiny bodies with the 
shrivelled carcasses of their prey, a bold expedient for making 
them inconspicuous, others (some species of Chrysopd) use frag- 
ments of vegetable matter for the same purpose, while others 
again (most species of C/irysopa) resort to neither of these devices 
but prowl about unprotected. The Golden-eyed Flies {Ckrysapa) 
(see vol. i, p. 378) are common British members of the group. 

Dra(;on-Fi.ies (see* vol. i, p. 375). — In most of the neurop- 
terous insects remaining to be mentioned here the larvae are 
aquatic in habit. Among the most familiar and attractive of 
these are the Dragon-Flies, distinguished by their great powers 
of flight and very perfectly-developed sense organs, the compound 
eyes being of relatively^ enormous size. Like bats and swallows, 
they jcatch “insects on the wing, and may often be seen hawking 
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for them in country lanes and above the surface of ponds. The 
legs of a Dr^on-Fly are set on very far forwards, and this is 
believed to be related to one of their functions. Just as some 
bats use part of their Hying membranes iis a kind of sweep-net 
for securing insects on the wing, so would it appear that the 
dragon-fly’^ legs are forwardly directed during flight, acting 
as a sort of fly-trap, the efficiency of which is increased by the 
presence of numerous minute spines. Once entangled in this 
trap there is no hope of escaj)e, for the aggressor brings his well- 
developed mouth-parts into play and conducts further* operations, 
which result in the rejection of the wings and other inedible 
parts of the prey, and the retention of its more succulent portions 
for food. 'rhese acts are facilitated by the mobility of the 
dragon-fly’s head, and the structure of its mouth-p;irts, which 
include a freely-movable upper lip, and a lower lip provided with 
Itwo broad plates bounding on the under side the space within 
which the powerful mandibles and first maxillae work from side 
to side. The rapacity of the aquatic larval form is even greater 
than that of the adult. It is a sluggish, by no meiins attractive- 
looking creature, thus described by Fred Smith (in The Boyhood 
of a Naturalist ) : — “ And look here, here’s the larva of a dragon- 
fly, a thing I can’t help having a perfect horror of; it seems to 
me to be so truly hideous. It is like the nightmare of a horrible 
scorpion — I mean the Egyptian thing. Its legs, and glorious 
body, and wings that are to be, are now indescribably ugly, and 
as though made of dirty putty.” Yet this same object is possessed 
of a most interesting and curious apparatus, by means of which 
it traps small crustaceans and any other animals of reasonable 
size that come near enough. This is the so-called “ mask ”, which 
is thus named because when not in use it is folded up in front 
of the face, much in the same way as an old-fashioned carriage- 
step. It is in reality the much-elongated lower lip, and can be 
rapidly shot out at the prey, which is seized by a couple of 
movable spiny projections at its tip, and then drawn back to 
the well-armed mouth. 

May-Flies and Stone-Flies. — The May-Flies (see vol. i, 
p. 375) and their allies {Efhemerids) are almost proverbial for 
the brevity of their existence in the adult condition, though 
there has been a good deal of exagget;^tion about this. It is 
doubtful whether they take any food at all, at any rate the 
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mouth-parts are in a very much reduced condition, and jaws 
may be altogether absent The aquatic larva*, ,on the other 
hand, have a relatively long term of existence. They differ 
largely in character in different species, and it is only the flattened 
forms that are exclusively carnivorous. Stone-Flies {Perlida) 
(.see vol. i, p. 375) form a related group of insects in which the 
mouth-parts of the adult are feeble but the acjuatic larva: are 
carnivorous. 

The C.vDDis- Fur.s {Phrygancidit^ (see vol. i, p. 375) are 
insects of moth-like appearance, and in the adult state are not 
predaceous. 'I’he aejuatic larva:, known as “ caddis - worms ”, 
build ca.scs for themselves from various materiajs, and as they 
are mainly vegetarians would not be mentioned here were 
it not for the peculiar and interesting habits of one group 
i^Hydropsychidec), in which the larva: are carnivorous, at least 
in certain cases. They live in fixed dwellings made of sand or 
little pieces of .stone fastened together with silk, and with this 
same material they construct snares in which small aquatic 
creatures are entangled. An account has been given of a 
Brazilian species in which the larva: are found in the nipid parts 
of small streams, the houses of a number of these, as many as 
thirty, being placed side by side in a transverse row on top of 
a stone; there being also in some cases several {>arallel rows of 
them. The mouth of each habitation faces up-stream, and ex- 
pands into a large funnel-shaped "verandah”, over which a 
net of silk is spun. A North Ameriain species proceeds in a 
somewhat different manner, for it spins a wide-meshed net across 
the stems of water-plants, &c., in the neighbourhood of its 
dwelling, where it lies in wait for any prey that may chance to 
be snared. There is another allied group {Rhyacepkiiides), in 
which also the larva; inhabit fixed cases, and one case is described 
where the front-legs arc provided with strong forceps, evidently 
used for .seizing prey. 

STRAIGHT-WINGED INSECTS (Orthoptera) 

These are insects with typical biting mouth - parts, which 
have been described in the case of the Cockroach (p. 102). The 
large majority of the .species feed upon vegetable matter, or at 
most on a mixed diet, but a striking exception to this is afforded 
by the SooTH.SAyERS or Praying Insects {Manttd<e\ These are 
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highly predaceous, feeding upon flies and other living insects, 
while some of the larger kinds are also said to attack small 
vertebrates. Most of the numerous species inhabit the hotter 
parts of the globe, throughout which they have a wide distri- 
butioh ; several are found in the Mediterninean countries of 
Europe, ai^ one ranges as far north as Central France. Tlie 
most remarkable feature in the structure of these insects is found 
in the first pair of legs, which are used for the purpose of catching 
and holding the prey. A similar arrangement has already been 
described for some of the Neuroptera (p. 114), and i( essentially 
consists in a shifting forward of the front legs, which are extremely 
powerful, and so constructed that the end pju't can be folded back 
on to the middle section. As both these regions are provided 
with strong spines an efficient 
gripping organ is the result 
•'I'hc common European form, 
known as the Praying Mantis 
{Alaniis rcligiosa) (fig. 389), is 
a comparatively simple example 
of this remarkable group. In 
colour green or brown, it har- 
monizes with the surround- 
ings, and is thus rendered 
inconspicuous to its prey (ag- 
gressive general coloration), an end which is enhanced by its 
patient wailing attitude with the fore -legs stretched out as 
if in prayer, a position which has given rise to the popular 
names and originated many superstitions. Dr. Sharp says (in 
the Cambridge Natural History)'.- “Some of the older writers 
went so far as to say that a Mantis would indicate the road a 
child should take by stretching out one of its arms in the right 
direction ”. Speaking of the group generally the same authority 
adds: — “This appearance of innocence and quietness must have 
struck all who have seen these insects alive; nevertheless, it is 
of the most deceptive character, for the creature’s activity consists 
of a series of wholesale massacres carried on day after day;, the 
number of victims it sacrifices being enormou.s. The Mantis 
does not even spare its own kind; it is well known that the 
female not infrequently devours its own mate." To do justice 
to the habits of these interesting insects far more space ^would 



Fig. 389.— Pr.iying Mantis tUftwtis rtligtoui) 
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be required than is here available. Many of the tropical species 
are remarkable for their curious form and colorayon, by which 
a close resemblance to foliajje or flowers is brought about Nor 
do all of them wait till prey comes within reach: a species in- 
habiting New Zealand (though probably introduced from 
Australia) has been described which is in the habit tof stalking 
its victims till near enough to secure them by a sudden rush. 
Annandale has recently given a very interesting account of a 
pink Mantis found in Siam, which will serve as a final illustration, 
'rhis creative is in the habit of stationing itself on the look-out 
for prey in the midst of groups of pink flowers something like 
rhododendrons in appearance. The limbs and front part of the 
boily arc of the same tint, and so is the under side of the abdomen, 
which is bent up over the back so as to be in full view. As, 
however, the insect is too large to be mistaken for part of a 
single flower, there is a green bind which runs across the upjier' 
side of the thorax and divides the pink colour into two sections 
which harmonize with two different blossoms. It may also be 
added that there is a small black patch at the tip of the abdomen 
upon which minute flies are in the habit of perching. Being too 
insignificant to be worth capturing, the Mantis leaves these alone, 
and their presence adds to the illusion. This, however, is not 
all, for when the grouj) of flowers withers the Mantis migrates 
to another, turning down the abdomen so as to display the 
upper surface, which is marked with brown lines .so as to suggest 
a withering flower. And further, when in this posture, the insect 
looks very much like an orchis blossom, for the striped abdomen 
simulates the broad lower petal (labellum), while the limbs, which 
are broadened out, together with the front part of the body, 
represent the rest of the orchis. This is a marvellous instance 
of aggressive special coloration and form, whereby some pre- 
daceous animals resemble definite objects so closely that their 
prey is prevented from taking alarm. 

Piussing by the Wingless Insects (Aptera), which have little- 
developed mouth-parts, and for the most part are believed to 
live on disintegrating vegetable matter, we come to carnivorous 
insects with sucking mouth-parts. 
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MOTHS AND BUTTERFLIES (Lepidoptera) 

This is essentially a vej^etarian order, and, arf such, will be 
described later on. The caterpillars of .some moths, however, 
infest furs, which they jjnaw with their powerful mandibles, and 
there are some adult members of the group, such as the Purple 
limperor Moth, which are fond of carrion, drawing* up its de- 
composing juices through the tubular proboscis formed by the 
elongation of the first maxilla;. 

• FLIES (Dii*tera) (fig. 390) 

Many of the vast horde of Two-winged Flics which make up 
this order are either predaceous, or else subsist on animal matter. 
Most persons are under the impression that the common Hou.se- 
Fly (A/nsra domeslica) is able to bite at certain seasons of the 
year, an erroneous idea partly due to the fact that a similar-* 
looking insect exists which has piercing mouth-parts. This is 
the Stable- b'ly {Stomoxys cahilrans) (compare fig. 392). The 



Fig- 30T.- -Tsetsc-Flv ‘Glo^sinn nwr^itnns't 
A, Adult fly (enlarged;, u, Pieicing inouth-p.trts, and c, Antenna 'greatly enlarged). 

mouth-parts of the formidable Tsetse- Fly {^G/ossina niorsitans) 
(fig. 391) of Tropical Africa are of similar kind. 

GAi)-F'uE.s.---It is a common thing for the blood-sucking habit 
to be confined to the female insects, and a good example is fur- 
nished by the Gad-Flies, of which the Ox-Fly or Great Horse-Fly 
(Tadauus boviuus) is a terrible pest to horses and cattle. A much 
commoner British insect, belonging to the same family, is the 
familiar Clegg {Htematopota pluvialis), abundant in woods, and 
of particularly slow flight. Most of us have experienced the 
viciou^ stab this undesirable creature inflicts, and only an un- 
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usually benevolent person could resist the chance of immolating 
the aggressor, a particularly easy matter as it happens. Bot-Flies 
make up a family with reduced mouth-parts, and, though not blood- 
suckers, fu-e more dangerous to horses and stock than Gad-Flies 
and the like, for they lay their eggs upon domestic animals, upon 
or inside whjch the larva?, when they hatch out, lx:come parasitic. 
Details will be given when the question of parasitism is discussed. 

Gnats and Midgk.s.- -Few animals cause more annoyance 
and discomfort than the Cinats, Mosquitoes, .Sand-Midges, and, 
to a less extent, true Midges, which abound in all parts of the 
the world, and have been made notorious by the lurid descriptions 
of innumerable travellers. Mosquitoes and Gnats {CulicicU^ are 
one and the same thing; a familiar British species is the Common 


Gnat {Culcx pij>ictts), which possesses 
typical piercing mouth -parts (fig. 392)1 
The labrum is a long, pointed stnicture, 
with its grooved umler side forming a 
canal along which blood is conducted to 
the mouth. Both mandibles and first 
maxilla; are lengthenetl out into pierc- 
ing bristles, by which a wound can be 
inflicted, and which arc enckwed in a 
sort of sheath formed by a modificatioi. 
of the labium. It should further be 
noted that a long, pointed tongue (hypo- 
pharynx), upon the end of which the 
ducts of the salivary glands open, is 



enclosed in this sheath, from the Ixick Fig.39a.-.vi..uthpaiti,of»Feniai«on 


part of which it grows out. Sand- 


greatly nugiiihcd 


Midges {Simuiiidar), poorly represented in Britain, are most 
abundant in the tropics, and though much smaller than Gnats, 
are even more noxious, their bite being particularly virulent. 
The name of “ Sand-Fly ” is commonly given to them. Midges 
{C/iironomida) are minute insects, for the most part not adapted 
for blood-sucking, though to this there are exceptions, as in the 
case of the common Black Midge (species of Ceratopogon), ^hich 
is one of our summer pests in the country. In all these cases it 
is the female only that feasts on blood, and her mouth-parts are 
therefore adapted for piercing and sucking, conforming more or 
less closely to the type described for thb Gnat 
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The Forest-Flics {^Hippoboscidee^ are curious Diptera, parasitic 
on the bodies of various warm-blooded animals, and presenting 
us with a series of species showing the gradual degeneration and 
disappearance of the wings. This is interesting because it helps 
to throw light on those unplciisant and familiar creatures called 
Fleas, which are very likely to be looked upon .as wingless 
Diptera, of which the remote ancestors possessed wings. The 
_ best-known species is the ubi- 

quitous Common Flea {l^ulcx 
irrifans) (fig. 393), but Mam- 
nials and Birds are infested by 
r cflirw nunierous other kinds, it being 

jj common error to suppose there 

P.g. .„>-Thc Common (/*»/« 0116 SOrt of thcSC CrCU- 

On tliL Ifft are the piercing mouth-parts On tin. right, tUrCS. I Hc picrcillg UUd SUCk- 
htrva above) and tiupa .lielow) Enlatved to various . ■ e 

scales. mg mouth-parts diner m somfe 

respects from those of Gnats, 
&c. The long, pointed labrum is grooved on its under side, and 
is closely applied to the hard, piercing mandibles, while a sheath 
is formed by the two pairs of maxillse. 

The Frinok-winokd Insects (Tiiysanoptera) include minute 
forms which feed on plants, and therefore do not recjuirc notice here. 

BUGS (HEMIFfERaV) 

T mt I n this, the last order 

w of insects, arc included a 

n great variety of forms, 

S such as bugs, aphides, 

I ' true lice, &c., most of 

tf which arc terrestrial, 

H though a fair number 

11 are aquatic. The food 

ff may consist of the juices 

f of animals or the sap of 

. ... plants, and in either case 

Fig. 394. Miuith-partv of n Tree-Rug fC/iaifa', enlarged; nwA, the mOUth - paTtS are 

anteiiiim; »/., upper lip. adapted for pforcing and 

sucking, though constructed on a somewhat different type from that 
described for the Diptera. Examination of one of these creatures 
(fig. 3^4) reveals the presence of a piercing beak, which consists of 
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a tubular sheath, enclosing four piercing, and it may be barbed, 
lancets, representing the mandibles and first maxilla:. Each of the 
former is doubly grooved on its inner side, so that, when opposed 
to its fellow, two channels are formed, along one of which the juices 
, of the food are conducted to the mouth, while the other serves for 
the transmission of saliva. A gap left in the front of the tubulaf 
sheath is filled up by the pointed labruin. 

Land-Bugs. — Most of the terrestrial Hemiptem are vegetarian 
in habit, but to this there are some notable exceptions. For ex- 



Fig 195“ Larva «f Ai tual size shown bv line. 


ample, a large British .sjjecies, for which there is no common name, 
but which is known scientifically as Reduvius personatus (fig. 395), 
preys upon other insects, including, it is said, the objectionable 
bed-bug. The front legs are adaptetl 
for seizing prey — a peculiarity of which 
examples have been given among other 
insects — and the predaceous larva of 
this insect is remarkable for its disre- 
putable appearance, being covered with 
dust and rubbish in a remarkable way, 
an arrangement which probably shields 
it from observation. The evil-smelling 
Bed-Bug (Acanthia /ectularid), of which 
the less said the better, is a wingless 
species. 

Water- Bug.s. — The habits of some 
of the aquatic bugs (fig. 396) are very 
interesting. Among them, the Pond - Skaters, slender insects 
which, so to speak, skate on the surface of the water, at once 
attract attention. The Needle- Bug {Limnobates stagnqrum) 



Fil?- 396 — A Pond-Skater fGerri 
/aiudum), enlarged 
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is recognized by its extremely slender body and leisurely gait, 
while the Common Skaters {Gerris paludum) are somewhat 
broader, and very rapid in their movements, pouncing swiftly 
upon flies and other insects, which they seize with their fore- • 
legs. The Water-Boatmen {Notonecta glauca and others) are . 
Comparatively broad aquatic bugs of predaceous, habit, which 
swim on their backs, using the long hind-legs as sculls. More 
sluggish and of forbidding appearance are the Water- Scorpions 
and Long Water- Bugs. The common Water-Scorpion {Nepa 
eincrea) ^fig. 385) is a sombre-looking flattened creature with 
large grasping front legs, the appearance of which suggests the 
popular name. There is also a curious bristle-like tail, which has 
to do with breathing, and will be described elsewhere. The Long 
Water-Bug [Ranatm linearis), to use the words of Stavelcy (in 
British Insects), “resembles the Nepa in having a small head, two 
long tails, and extended prehensile fore-legs, but here all family 

likeness ends, for this most curious-looking 
creature is but a scries of thickish lines (as 
ts name imports). A long linear body 
with two long thin tails, and four long thin 
legs, are all we can see except a pair of 
forceps \i.e. the fore-legs], which would be 
long and thin too if they were not so 
crooked. The creature looks cruel and 
hungry, but where it stows all the prey for 
which it is so greedy is a problem to be 
solved. A less aldermanic figure can 
scarcely be conceived. ...” 

A marine bug {flalobates) (fig. 397) is 
particularly interesting as being one of the 
very few insects which inhabit the open sea. It has been found 
skating on the surface, far out of sight of land. 

True Lice are wingless blood-sucking creatures, shown by the 
nature of their mouth-|Kirts to be degraded forms of the Hemip- 
tera. The tips of their legs are hooked, so as to give a firm hold 
on the exterior of their host 
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CHAPTER X 


THE FOOD OF ANIMALS— CARNIVOROUS ARACHNIDA 
AND MYRIAPODA— PERIPATUS 


SPIDER-LIKE ANIMALS (Araciinida) 

The second class of air-breathinjj Arthropods to be considered 
is that of the Araciinida, including Scorpions, Whip- Scorpions, 
Spiders, False Spiders, False Scorpions, Harvestmen, Mites, and 
Ticks. 

SCORPIONS (ScoimoNiD/E) (see vol. i, p. 385) 

These unpleasant creatures are found in nearly all the hotter 
parts of the globe, and all of them capture living prey of various 
nature. Scorpions are mostly nocturnal, and this may partly 
account for the fact that they perceive the presence of their 
quarry by touch rather than sight, and the large pincers are of im- 
portance in this respect, playing the part of tactile organs as well 
as of weapons. Many Scorpions find a refuge and lurking-place 
combined underneath stones or in convenient crannies, others 
make excavations in earth or sand for the same purposes. The 
large pincers (^pedipalpi) are used for seizing prey, in which also 
the smaller nippers (chelicera) in front of them may help, the narrow 
tail is then bent forward with great rapidity, and the sting in which 
it ends brought into use. Two poison-glands arc lodged within 
the broad base of the sting, and open upon its tip. The mouth is 
extremely small, and the front part of the food-tube is specialized 
into a suction-pump by which the juices of the prey are extracted. 

WHIP-SCORPIONS (Pedipalpi) (see vol. i, p. 389) 

The curious little Whip-Scorpions {Pedipalpi), widely distri- 
buted in the tropical and hot parts of both New and Old Worlds, 
are predaceous forms, unprovided with the poisoned sting of their 

larger namesakes. The hind end of the bbdy may be possessed of 

Its 



126 THE FOOD OF ANIMATE 

I 

a thread-like appendage, looking like an attenuated representative 
of the Scorpion’s tail, or, in some members of the group, there is 
nothing but a little knob to represent the tail. The tailed species 
have both small and large pincers, as in the ordinary Scorpions, 
but the latter are not so well developed. Those appendages of^ 
ihe tailless forms which are equivalent to the large pincers are 
of considerable size, but do not end in nippers, having instead a 
spiny end-joint, which can be bent back on the equally spiny 
joint by which it is borne to form an efficient grasping organ. 
The arrangement may be compared to that found in the fore- 
legs of tRe Praying Mantis (p. 1 1 7), and it is a common device 
in many groups of animals which require a simple holding- 
apparatus. It has already been jiointed out that in Insects the 
slender feelers or antenna: are of great use in giving the animal 
a means of exploring to the front, and that in Scoq)ions the large 
pincers are used for this purpose. The same end is attained in 
the Whip-.Scorpions by diverting the front pair of legs from their 
usual locomotor function, while at the same time they are modi- 
fied into forwardly-directed organs of touch. The specialization 
has not gone far in the tailed members of this group, but in the 
taille.ss ones it is extreme. We have here an excellent example 
of the principle of “ change of function ”, of which instances have 
already been given in other connections, and the comparison of 
Insect, Scorpion, and Whip-Scorpion, just instituted, also illustrates 
another important biological principle, that of analogy, which lays 
it down as an axiom that organs performing equivalent functions 
are not necessarily equivalent as regards their origin and structure. 

SPIDERS (Arankid/E) 

Spiders {Araneidte) are highly rapacious forms which con- 
stitute a large and exceedingly interesting order, distinguished 
from the other groups of Arachnida by many peculiarities. There 
are no large grasping organs as in the forms so far described, 
the appendages corresponding to them being short feelers with 
bases that are used as jaws. Poison-glands are present, however, 
but these, instead of being lodged in a posterior sting as in a 
scorpion, are contained within the first jaws {cheliceree), upon 
the tips of which they open. These jaws are not in the form 
of nippers, but present the arrangement just described for the 
seizing oi^ns of whip^scorpions, the claw-like end-joint moving 
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upon the toothed joint which carries it, as the blade of a penknife 
does upon its handle. Spider poison may be of an extremely 
virulent kind, a^ will be seen by the following extract from Semon 
. (quoted from In the Australian Bush ) : — “ More poisonous than 
^ all the other insects of Australia [the word “ insect ” is here used 
in a popular way] ... is a little black spider with a back of vivid 
red, Latrodectus scelio. This conspicuous spider seems to be 
everywhere. Though chiefly nocturnal in its habits, it also 
appears in daytime, imposing on you by a certain calm im- 
pudence. It takes no trouble whatever to escape or to hide, 
but, relying on its fatal poison, seems 
rather to warn you by its vivid colour 
than to elude your vision by a more 
modest mien. The bite of this spider 
is terribly painful, and in its wake we 
often find paralytic symptoms in the 
wounded member, its neighbouring 
organs, or even the entire body. It is 
said that grown-up people are sometimes 
killed by it, and surely this is the most 
poisonous spider in the world, and the 
most dangerous arthropod in existence.” 

Undoubtedly, however the most inter- 
esting and characteristic feature about 
spiders is found in the spinning organs 
which they possess. These are in the form of silk-glands, which 
open by innumerable pores upon the surface of four little teat- 
like projections placed on the under side of the abdomen (fig, 398). 

Web-Spinners, — The best-known kinds of spiders construct 
webs for snaring prey, the most perfect and regular of these con- 
trivances being the work of the numerous species included under 
the term “ orb spinners ”, of which the common Cross or Garden 
Spider {Epeira diademci) (see vol. i, p. 391) may be taken as a 
good type. Such a web consists of radiating strands which form 
a supporting basis, and of a sticky thread which winds round in 
a spiral way from centre to circumference, and holds fast any 
unfortunate insect that happens to fly against the snare, which is 
possessed of a considerable amount of elasticity, so as not to be 
readily broken. The spider lies in wait for prey in the neigh- 
bourhood of the web, concealed in some <cranny or under a leaf, 
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and a line running from its hiding-place to the snare gives notice 
by its vibrations of the capture of prey. Should a comparatively 
large insect be caught, the spider envelops it in k winding-sheet 
of silk, and either kills it at once, or, if already sated, leaves it for 
a future meal. The construction of such an elaborate snare as 
that of the Garden Spider requires no little ingenuity and care. 
To begin with, the apparently simple threads are in reality com- 
plex, being composed, like a rope, of a number of strands, in this 
cjise of extreme tenuity. The re.ison for such complexity is not 
far to seek. A thread composed of numerous strands is stronger 
than one bf the same bulk would be if made in one piece only; 
and, further, the viscid material of which the web is composed 
obviously hardens more quickly when exposed to the air in ex- 
tremely slender threads than would otherwise be the case. The 
spinnerets of this particular spider arc simply riddled like a sieve 
by the minute openings of silk-glands, there being, at a moderate 
computation, some 700 pores in all. The material secreted by the 
silk-glands is not all of the same kind, for some is destined to be 
worked up into the non -viscid radiating threads, while others 
supply the material for the sticky spiral one. Nor is the breadth 
of the component filaments the same in all cases. The feet of the 
spider are armed with several curved and toothed claws, and it is 
more especially those of the hind-legs which are used to work up 
the raw material into complex lines. The claws also enable the 
animal to easily climb about its web or travel along the connecting 
line running from its hiding-place. Staveley (in British Spiders) 
thus describes the way in which the spider constructs her regular 
web^: — " The process by which the net of the garden spider is con- 
structed is well worth observing. The first step is to extend a 
horizontal, cord between two neighbouring points. This is done 
with the aid of the wind, the spider exposing the spinnerets to a 
current of air whilst emitting the fluid silk. A thread is thus, as 
it were, drawn from the spider by the power of the wind, and, 
coming into contact with some neighbouring object, adheres by 
its own natural stickiness. This is the commencement of the 
framework, which is completed by lines placed according to cir- 
cumstances, some by the spider dropping and swinging from point 
to point, attaching a thread wherever she touches, and others, as 
in the case of the first, by means of the wind. The framework 

^ “ She ” has been Substituted for “ he ” throughout the quotation. 
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completed, the .spider goes to the middle of the upper horizontal 
line, touches it with the spinnerets, so attaching the beginning of 
a thread to it,»and drops perpendicularly on to the line forming 
the lowest side of the framework, where she fastens the second 
end of the thread. She then climbs up this till she reaches the 
* middle (which is to be the middle of the web), and here she fixes 
the beginning of another thread. She now ascends the perpen- 
dicular thread, drawing out the new one as she goes, till she 
reaches the upper line, along which she walks to the point at 
which she sees fit to attach this radius of her web. She now 
returns to the centre, and repeats the process, each time walking 
up the last-formed radius as she draws a new one, till the whole 
area of the web is filled with radiating lines. 

“ The next process is to connect the radii by a spiral line, so 
forming the meshes of the net. The sjpider places herself in the 



399' "A House-Spider {^Ttgenaria) in its Web; arrangement of ejres shown at a. 


centre of the web, and attaching a thread there, turns round, 
drawing a line from the spinnerets, which she applies to ray after 
ray, fastening it with the aid of her hind -legs. She proceeds 
farther and farther from the centre until a spiral line has been 
described from thence to the circumference of the web, where 
she affixes another thread, and, reversing the operation, draws 
a second spiral line from the circumference to the centre.” The 
Garden Spider and our other native orb-spinners are all of com- 
paratively small size, but there are somef large tropical sppeies 

VoL. U. 41 
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which construct snares of corresponding dimensions, and stated 
to be strong enough to capture small birds. 

A le.ss-complex and differently-placed snare is* constructed by 
the common h'ield Spider {Agalena labyrinthica), of which the 
dense white webs are often to be observed on heaths and com- 
mons, stretched horizonUilly among such plants as furze. These 
are often extremely abundant, and seen when covered with dew 
in the early morning are exceedingly conspicuous. A dwelling 
for the .spider in the form of a silken tube hangs down vertically 
from some part of the web, and at the mouth of this the occupant 
remains on the look-out for prey. The House-Spiders (species of 
Tegenaria) (fig. 399) arc members of the same family, and their 
dirty-looking snares, familiarly called “ cobwebs ”, are connected 
at one corner with the den of the spider, in this ca.se a horizontally- 
placed tube open at both ends and slung from a support by means 
of a number of strong thread.s. • 

Huntkks. — The above will perhaps serve to give an idea of 
the way in which snare -spinning .spiders secure their prey, and 
we may now turn our attention to .some of the Hunting Spiders, 
which .secure their victims either by craft or speed, or it may be 
by a combination of the two. Here are included the largest and 
most repulsive -looking mcmljers of the order, the Bird-catching 
Spiders of tropical and hot regions. A well-known South Ameri- 
can .species {A/yga/e avictilaria) (sec fig. 384) has been described 
by Bates and other naturalists as of nocturnal habit, preying on 
all sorts of animals from birds downwards. As these creatures 
do not spin webs for the capture of prey, there is not the same 
need for well-developed claws, and we accordingly find that these 
are .small, while tufts of hair are present, which are used as 
climbing pads, enabling the creature to scale smooth and steep 
surfaces. 

The Wolf-Spiders (fig. 400) include smaller .species which run 
with great rapidity, and are thus enabled to overtake their prey. 
A number of small Briti.sh spiders (species of Lycosa, &c.) belong 
to this group, but a much more notable species is the Tarantula 
{Lycosa tarantula) of South Europe, a larger kind, reputed to have 
a most virulent bite, only to be cured by extremely rapid dancing 
to appropriate music. This is, indeed, the origin of the dance 
known as the tarantella. One of our smaller native kinds of 
Wolf-Spidfer {Lycosa piraticc^) haunts the margins of ponds, and 
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is able to run on the surface of the water in pursuit of prey, or 
even to dive, this being rendered possible by the entanglement 
of air -bubbles among the numerous hairs with which the body 
is covered. Another member of the same family, the Raft-Spider 
{Do/otfiedes fimbriatus)^ possesses the same powers as the pre- 



Fig. 400. --Hunting Spiders {Salttcut tcentt ms\ 


ceding, but by constructing for itself* a raft of leaves is able to 
make a more extended use of them. There are other families 
of spiders the members of which are thorough-going aquatic forms, 
a familiar British example being the Water-Spider {Argyroneta 
aquatica), of which more will be said in another connection. 

The last group to be here mentioned is that of the Jumping 
Spiders (fig. 400), which patiently suilk their prey and ultimately 
secure it by a final rapid jump. A very common little British 
form, the Harlequin Spider {Saliicus sceniats), in which even the 
larger female is only about a quarter of an inch long, is distin- 
guished by conspicuous striped markings. 

FALSE SPIDERS (Solpugid/f.) (see vol. i, p. 388) 

These arachnids are rapacious forms superficially resembling 
large spiders, and have a wide distribution through the warmer 
parts of both New and Old Worlds, ranging in the latter into the 
Mediterranean countries of Europe and the south-east of Russia. 
At first sight they seem to have ten pairs of legs, but the first pair 
of these apparent legs are in reality the appendages corresponding 
to the great claws of the Scorpions, serving in this case as feelers, 
a function which is also shared by the first pair of legs proper, 
somewhat as in Whip-Scorpions. The jaws are of large size, and 
the food chiefly consists of insects, though they also attack other 
arachnids, even Scorpions. Desert regions are especially affected 
by them. # , 
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FALSE SCORPIONS (PsEUDOSCORPiONiDiE) (see voL i, p. 389) 

These minute creatures owe their superficial resemblance to 
Scorpions chiefly to the fact that the first two pairs of appendages 
are constructed on the same plan. They do not, however, possess 
tAils, and differ in many other ways from their namesakes. False ' 
Scorpions lurk under bark and in all sorts of crannieS where they 
are likely to meet with their food, which consists of mites and 
small wingless insects. They are often to be found in old books, 
neglected plant collections, and the like. 

HARVESTMEN (PlIALANGIDyE) (see vol, 1, p. 390) 

The members of this group, with which we are familiar in this 
country, look something like spiders with very long thin legs, but 
are in reality as unlike spiders in structure as false scorpions are 
unlike true ones. The first pair of jaws are strong nippers suited 
for seizing insects or other small creatures, while the second pair 
of appendages are feelers. 

MITES AND TICKS (Acarina) 

Those members of this specialized group which live upon 
animal matter are parasitic in the most interesting cases, and 
consideration of them may be postponed till parasitism is dealt 
with. 

CENTIPEDES AND MILLIPEDES (Myriapoda) 

Centipedes, Millipedes, and their allies together constitute the 
third class of air-breathing Arthropoda, to which the name of 
Myriapoda has been applied on account of the large number of 
legs usually present. Millipedes are of vegetarian habit, and will 
be considered elsewhere. 

CENTIPEDES (Syngnatha or Chilopoda) 

Centipedes are highly predaceous animals, feeding upon in- 
sects and other invertebrates. One of the commonest native 
species, the Thirty-foot {Lithobitts forficattii) (see vol. i, p. 394), 
is an active, chestnut-coloured thirty-legged animal, common under 
stones and in garden earth. The head bears two groups of simple 
eyes and a pair of long feelers, which no doubt — the latter espe- 
ciallyr-aid in the pursuit of prey. The mouth-parts are of biting 
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nature,, and in some respects conform to the description already 
g^ven for insects of similar habit (p. 107). There are three pairs 
of jaws, of wKich the first are powerful mandibles, provided with 
strong tooth-like projections where they work against one another. 
Then follow first maxillse, each of which has two branches, agd 
these are succeeded by a pair of second maxillae united together 
in the middle line, and looking very much like transformed legs, 
which no doubt they are. But a Centipede is better off in the 
jaw line than an Insect, for outside the second maxillae come still 
another pair of metamorphosed leg^, clasely united together in 
the middle, while each of them bears a jointed curved poison-claw, 
near the tip of which a poison-gland opens. The poisonous Centi- 
pedes of tropical countries agree essentially in structure with the 
species just described, but are very much larger, and possess more 
numerous legs. Their bite is dreaded by human beings, and is 
stated to be sometimes fatal. Nor must it be supposed that the 
food of such creatures is resiricted to invertebrates, for they are 
known to attack small vertebrates of various kinds. 

Among the families of these creatures represented in Britain 
is one including the Earth Centipedes {Geophilida) (see vol. i, 
p. 394), long slender forms which live under- 
ground and prey upon earth-worms. Their nar- 
row bodies are eminently adapted for burrowing 
through the soil, and also for twining round and 
round their wriggling prey, besides which it may 
be observed that eyes are altogether absent, 
clearly as a result of subterranean life. Preda- 
ceous Myriapods, however, may run to the oppo- 
site extreme, for in the Shield-bearing Centi- 
pedes (species of Scutigera) (fig. 401), so named 
from the presence of a single series of shield- 
shaped scales along the upper surface, we have 
forms which, instead of shunning the light, hunt 
their prey in open view. Possessed of very long 
antennae and well-developed compound eyes, they 
are able readily to detect the presence of suit- 
able victims, and their spider-like legs are swift in 
pursuit Concerning these creatures, which by the bye are placed 
in a special order of Myriapods (Schizotarsia), Sinclair writes as 
follows (in The Cambridge Natural History ) : — “ Some ycJrs ago 



Fig. 4oz.—Shield-beariiig 
Centipede {Scttiiigtm) 
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I was in Malta, and I used to go and watch them on the slopes 
outside Valetta, where they were to be found in ^reat numbers. 
They used to come out from beneath great stones and run about 
rapidly on the ground or on the stones and rubbish with which the 
ground was covered, now and again making a dart at some small 
insect which tempted them, and seemingly not minding the blazing 
sun at all.” 

PRIMITIVE TRACHEATES (Prototracheata) 

The last and lowest class, Prototracheata, of the air-breathing 
Arthropods, has been instituted for the reception of a single 
genus* known by the name of Peripatus (see vol. i, pp. 399 and 
400), of which species arc distributed all round the world in 
tropical regions. P'ound in rotten wood and in crevices among 
stones, it looks not unlike a caterpillar with numerous pairs o{ 
clumsy-looking legs, each ending in a pair of claws. Though 
eyes are present, they probably do little more than enable the 
animal to avoid the light, and this slowly-moving creature seems 
to detect its prey, consisting of flies and other small animals, by 
means of its mobile feelers. Observations made on the New 
Zealand .species show pretty clearly that sluggishness in move- 
ment is made up for by well-developed siinie-glands, opening on 
a pair of short modified limbs (oral papilla;) near the mouth. 
From these it is able rapidly to eject a sticky fluid to a distance 
of a foot, an arrangement which is probably as efficient as the 
sticky tongue of an ant-eater, a woodpecker, or a chameleon. 
Once secured, the prey is dealt with by a pair of jaws, working 
from side to side in the usual arthropod manner, and each pro- 
vided with a couple of sharp blades. It is a striking character 
of Arthropods generally that some of the limbs near the mouth 
should have assumed a chewing function, and here we have the 
arrangement in its simplest form, as but one pair of limbs is 
specialized into jaws. 

^ This has recently been broken up into other genera, but the common usage is convenient in 
a popular work. 
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THE FOOD OF ANIMALS— CARNIVOROUS CRUSTACEA 

AND KING-CRABS 


Air-breathing Arthropods having been now briefly reviewed, 
so far as carnivorous species are concerned, we now turn to 
aquatic Arthroj)ods, breathing the air dissolved in water by 
means of more or less complicated gills, except in the case of 
some very small creatures which are able to perform this function 
by the general surface of the body. Amongst such forms by far 
the' largest and most important class is that of the Crustacea, 
including lobsters, crayfish, shrimps, prawns, crabs, and a host 
of other forms. A very large number of these are carnivorous, 
some being adapted for the capture of living prey, while others 
feed on carrion. Indeed it may be said of the group that to a 
large extent they act as scavengers. The members of the King- 
Crab class {Xiphosura) are also carnivorous. 

CRUSTACEANS (Crustacea) 

It will be convenient first of all to consider the Higher 
Crustacea (Malacostraca), and afterwards to turn our attention to 
Lower Crustacea (Entomostraca). 

HIGHER CRUSTACEA (Malacostraca)— STALK-EYED 
FORMS (Tiioracostraca) 

The most familiar members of this subdivision belong to the 
Decafoda, or Ten -legged Crustacea, of which the Lobster 
{Homarus vulgaris) has already been described as a type (vol. i, 
pp. 402-409). In such a form we can at once detect characters 
having relation to a predaceous habit, among which may be 
more particularly mentioned the huge pincers and the well- 

developed sense-organs, including more especially stalke^ com- 

u» 
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pound eyes and very long feelers (antennae), which are able to 
explore a considerable area in the neighbourhood of their owner. 
And, as might be expected in a scavenging anifnal, organs of 
smell are well developed, being here in the form of tufts of deli- 
cate flattened hairs attached to the small feelers (antennules), 
\rtiich are placed in front of the large ones. It js no doubt 
largely by the sense of smell that lobsters (and crabs) find . their 



Fig. 40a.— Gastric Mill of Crayfish (enlarged) 


A) Stomach in section, n, Parts of mill dissected out. oe, (lullet, vA, chewing region; A A, straining region: 
ki, fold between two p.irts of stomach, intestine; n/, front bar of mill, sa, side*bar; tz, bar carrying 
lateral tooth; #//c, bar carrj'ing middle tooth. 


way to the traps baited with offal that are set for them. These 
animals po.ssess efficient means for dealing with the food when 
once this is secured, for there are no less than six pairs of jaws 
constituted by the specialization of limbs, and working from side 
to side in the usual arthropod manner. Nor is this all, for the 
Lobster, like many other crustaceans, is provided with a compli- 
cated chewing apparatus in the stomach, known as the gastric mill 
(see fig. 402), and consisting of a framework of hard parts which 
bear three tooth-like projections, one long ridged tooth on either 
side, and a forked median tooth borne on a downwardly-directed bar. 
By means of appropriate muscles attached to the framework the 
three teeth can be brought together so as to effectually crush 
anything that happens to be between them. The hinder part 
of the stomach is specialized into a straining apparatus, numerous 
stiff bristles projecting into its cavity and interlacing with one 
another so as to constitute a very efficient sieve. Such parts of 
the food as cannot be reduced to fine particles by the action of 
the jaws and gastric mill are ejected to the exterior through the 
mouth. ^ The internal chewing arrangements remind one strongly 
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in function, though not in the details of structure, of the gizzards 
of birds, crocodiles, some insects, and certain molluscs. 

The Commbn Prawn {PaUenion serratui) is not unlike a 
minute lobster in structure, and naturally hunts down smaller 
, prey. The Common Shrimp {Crangon vulgaris) is still smaller 
than the prawn, to which it has a general resemblance, differing* 
however, in many details of structure. There are no pincers, 
properly so-called, but the corresponding limbs are converted 
into grasping organs by the device already exemplified among 
various air-breathing Arthrojwds (pp. 114, 117); that is to 
say, the end-joint can be folded back upon the rest o^ the limb. 
Lobsters, Prawns, and Shrimps are all members of the Large- 
tailed Decapods, this region of the body being used like a fin, 
enabling the animal to dart rapidly backward through the water. 
Related forms are also to be found in fresh water, of which the 
nlost familiar is the Common Crayfish {Astacus fluviatilis), which 
is a notable scavenger, not limited in its diet, however, to animal 
matters, though it would seem to prefer food of that kind. It 
is said to make foraging expeditions in the neighbourhood of 
its native river, seizing worms, insects, snails, and any other 
small animals that happen to be available. Tropical rivers are 
the home of monstrous Prawns, such as the Jamaica Prawn 
'{Palamon Jamaicensis), found both in the West Indies and 
Central America, and remarkable for the enormous development 
of its pincers. 

Returning to marine Long-tailed Decapods, we find an in- 
teresting species in the spiny-looking Rock- Lobster {Palinurtis 
vulgaris) (see vol. i, p. 412), in which the .seizing limbs are con- 
structed on the same type as those of the Shrimp. The value 
of the tail as a swimming organ is here diminished by the fact 
that the tail -fin is quite soft, and this creature is commonly in 
the habit of “sitting" in wait for prey, with its soft fin pushed 
into a crevice among the rocks for protection. This case leads on 
naturally to the interesting forms known as Hermit- or Soldier- 
Crabs, which are commonly included in the "Crabs" or Short- 
tailed Decapods, but are better considered as intermediate between 
these and the lob.ster-likc forms. Taking such an example as the 
Common Hermit-Crab {Pagurus Bernkardus) (fig. 403), we shall 
find that it uses as a dwelling the shell of a gastropod mollusc, 
and is markedly asymmetrical in accordance with the shape^f its 
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abode. In this instance the whole of the tail is soft, and the last 
pair of limbs, which in a lobster make up the sides of the tail' fin, 



Fig. 403.— Hennit Crabh {Pagurus BemAanins), One is taking possession of a new and laiger house. 


are here modified into hooks for holding on to the inside of the 
shell. These animals are highly predaceous in habit, and also, 
as one of their common names indicates, extremely pugnacious. 

From Hermit-Crabs we pass to Crabs proper, constituting the 
Short-tailed Decapods (see vol. i, p. 41 1). The tail, in fact, is 
so short and small as lo be useless as a swimming organ, and 
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is carried bent forwards against the under side of the thorax, 
which, together with the head region, to which it is closely fused, 
is broadened oift into a shape varying according to the kind of 
crab. Swimming having been given up in ordinary cases, com- 
• pensation is provided by the possession of running powers, which 
may be of no mean order. Regarding the food of Crabs and* 
their part in the economy of nature, Frank Buckland (in Log-book 
of a Fisherman and Zoologist), in describing a visit to the Brighton 
Aquarium, speaks as follows: — “Mr. Lawler kindly showed me 
the ‘crabbery* in the naturalists’ room, where these unfortunate 
things are kept alive in hundreds (they cost one penny for four) 
for the octopus’s dinner. He dropped in a bit of fish among 
them. In a moment the crabs near rusted towards it. The 
crabs at a distance, perceiving that ‘something was up’, began 
to run also, just as Londoners will run to a fire, an accident, or 
ady other gratuitous amusement provided for them by circum- 
stances. In about half a minute there were at least twenty or 
thirty crabs fastened on to this one bit of fish — a living ball of 
crabs, in fact. The ball then began to roll. Some crabs fell off 
the ball on one side, while other crabs climbed up the ball on the 
other, and then the moving ball rolled away into the other end 
of the tank, the mass of crabs fighting, pushing, and pinching 
"*each other most gloriously.” 

“ I imagine, therefore, crabs mu.st be very selfi.sh creatures, and 
that they act on the principle of first come first served. But yet, 
do we not learn from this scene the great use of crabs? that is, 
to sweep up and tidy the bed of the ocean. If the.se active, hungry, 
and unpaid little scavengers were not in existence, all sorts of 
dead creatures, fish, shells, &c., would accumulate, and foul the 
water; but the crab’s business and delight is to eat up all he can 
find. Therefore, I admire the little crabs for doing their duty, 
even though they do it unconsciously. Crabs are, in fact, the 
rats of the ocean, ready to eat up all the garbage they can 
find.” 

So far as seizing organs, jaws, and gastric mill are concerned, 
a crab essentially agrees with a lobster. The group is a very 
interesting one, and will frequendy be mentioned in various con- 
nections. It may here be remarked that the very numerous 
species live under the most various conditions. Many are 
shallow- water forms, others live in deeper water, down to *2 500 
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fathoms, i.e, over 2^ miles from the surface. Some, again, 
maintain themselves among floating sea-weed, as, for example, 
the little Gulf-weed Crab {Planes mtnnlus), which is stated to 
have been pointed out by Columbus to his discontented mariners 
as a proof of the nearness of land, a good instance of the occa- 
sional usefulness of fallacious argument It is also interesting to 
note that many marine forms have reacquired the power of swim- 
ming, though not in the old lobster-like fashion, for here pro- 
gression through the water is brought about by the flattening 
of the hindmost pair of legs into oars, an arrangement which 
reminds us of those found in some aquatic insects. This, how- 
ever, by no means exhausts the possibilities. A number of 
species, among which must be reckoned the common Shore- 
Crab {Carcinus matias) pick up a living between tide -marks, 
and there are all gradations between these and thorough-going 
land-crabs, most of which, however, feed more or less on vegfe- 
table matter, and therefore do not fall to be considered under the 

present section. The Swift Land-Crabs 
{Ocypodida) (fig. 404) may be instanced 
as a carnivorous section of the last-named 
group, living on sandy shores. Stebbing 
(in A Histoty of Cmstacea) speaks of 
them as follows: — "As the name swift'' 
offoot implies, these Crustacea are espe- 
cially noted for their rapidity of move- 
ment They are just the opposite of some of the strong-armed, 
thick-shelled, slow-moving Cancrida, i.c. the group of which the 
common Edible Crab {Cancer pagurus') is a good type. On 
wind-swept stretches of sandy beach, and coloured like the sand, 
they sometimes seem rather to be borne on the wings of the wind 
than to run. Also, with their compressed lancet-like fingers they 
are extremely dexterous in digging into the sand. They burrow 
holes an ell deep, generally perpendicular, and from these they 
wander afar, when the tide is out, in search of food. Krauss 
observed in South Africa the species Ocypode ceraiophthalmus 
(Pallas) and others, and he says that while they are busy hunt- 
ing, every now and then they look carefully round, raising their 
stalked eyes upright, and standing upon tiptoe. At the slightest 
movement towards them they run with uncommon rapidity to the 
nearest hole, or, if ^e danger is too close, press themsdves flat 
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on the sand till an attempt is made to seize them, and then off 
they dart In running they carry their bodies high, doubling and 
dodging with such speed and cunning that it is a difficult matter 
to lay hold of them. When the tide comes up they are enclosed 
^ in their flooded burrows, and as soon as the waves retreat they 
are busily employed in clearing them, shovelling out the wet sand* ' 
and heaping it at some little distance off. The American species, 
Oiypode arenaria (Catesby) is described by Professor S. I. Smith 
as having precisely similar habits. According to his observation, 
it lives largely upon the amphipods of the genus Talorchestia, 
known as * beach-fleas which inhabit the same localities. ‘ It 
will lie in wait’, he says, ‘and suddenly spring upon them, very 
much as a cat catches mice. It also feeds upon dead Ashes and 
other animals that are thrown on the shore by the waves.'” It 
may be Anally noted that some Crabs are inhabitants of fresh 
water. 

Manti.s Shrimps {Stomatopoda). — In such a typical member 
of this group as the common Mantis Shrimp {Squilla mantis) 
(see vol. i, p. 41 1), found to some extent in British seas, the 
structure is clearly adapted to a predaceous life. The feelers 
and stalked eyes are well developed, and there are powerful 
seizing organs. These are not, however, the .same pair of special- 
»ized appendages as in a lobster, but correspond to the second 
pair of foot-jaws in that animal (vol. i, p. 406). But here, instead 
of three pairs of jaws and three pairs of foot-jaws, we And two ’ 
extra pairs of the latter. The seizing organs do not end in 
pincers, but, as in several cases already described, have a blade- 
like end-joint which can be bent back on the rest of the limb. 
Mantis Shrimps excavate deep burrows in the zone below low- 
tide mark, and lie in wait fur prey at the mouths of these. 


HIGHER CRUSTACEA— SESSILE-EYED FORMS 
(Edriophthalmata or Artiirostraca) 

The Sessile-eyed Crustacea {Edriophthalmata) derive their 
name from the fact that the eyes project directly from the head 
instead of being situated on stalks as in the forms so far con- 
sidered. The large majority of them are to be found in shallow 
water and on thje shore, and are by no means restricted to salt 
water. Many of them play an impormnt part in scavenging 
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the strand, not a few are parasitic, and some have becom< 
adapted to a terrestrial life. They include the Amphipods 
such as Sandhoppers and their allies, which are flattened fron 
side to side, and the Isopods, which are flattened from abov< 
downwards. 

• Ami'I1I1>od.s. — A very common example is the Sandhoppei 
{ 7 'a/iirus /ocusia) (see vol. i, p. 415), which haunts the short 
between tide-marks, and in summer may be seen in counties: 
thousands, sprinjjinjf several inches into the air so as to be 
visible some way off, and looking almost like a quivering dust- 
cloud hanging over the surface of the sand. Like most members 
of its group, the Sandhopper lives chiefly, if not entirely, upon 
decomposing animal matter, and close examination with the 
aid of a powerful lens shows it to be possessed of strong biting 
mandibles, two pairs of maxillce (see Lobster, vol. i, p. 406), and 
a single pair of foot-jaws turned forwards so as to form a sort of 
lower lip. In northern latitudes Crustacea of related kind occur 
in such vast numbers as to be able to speedily do away with 
the stranded and putrefying ctircjisses of even such large Cetacea 
as whales and the like. An abundant and typical example of 
freshwater forms belonging to the same group is the Freshwater 
Shrimp {fiainmaitts locusta), and it may be observed in passing 
that the term “ shrimp ”, popularly applied in the case of this 
and m.any other forms, is somewhat misleading, for the true 
shrimps, with their stalked eyes and firm shield covering the 
head and thorax, belong to the totally distinct and higher group 
of Decapods (see vol. i, p. 410). 

Climbing about among sea-weed and zoophytes, in the tide- 
pools of the British and many other coasts, we can often find 
the weird-looking Skeleton-Shrimp {Caprclla) (see vol. i, p. 415), 
typical of a subdivision of the Sandhopper group, and distinguished 
by an extraordinarily attenuated body. The abdomen is here 
reduced to a mere tubercle, and the thorax is correspondingly 
well-developed, its third pair of limbs bearing large climbing- 
claws, while at its hinder end are three pairs of legs. Jaws 
and foot-jaws are present as in a sandhopper, and behind the 
latter come the second thoracic limbs, specialized into seizing 
organs. Caprella may often be seen holding firmly to a zoophyte 
and waiting patiently for booty, the presence of which is made 
known by-'its two well-developed pairs of slender feelers. The 
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curious Whale-lice ” found as parasites on the skins of Cetaceans 
are related to the Skeleton-Shrimps, though of very different 
proportions. , 

IsopoDs. — Probably the best-known member of this group to 
ordinary observers is the Wood-Louse {Amiadillidiwn vulgare)^ 
which rolls itself into a ball when disturbed; but as this and ito* 
terrestrial brethren are largely or mainly vegetarian in habit, 
they require no further mention here. Although by no means 
all of the marine forms are carnivorous, many of them are 
markedly so, and this is the case with the familiar “slaters'* 
found lurking in rock -crevices between tide -marks. »The Sea- 
Slater {Ligia occanica) (fig. 405), e.g., and the species of the 
shallow-water genus Idotea, are pre- 
daceous. Other examples are found 
in the species belonging .to the genus 
Qirolana (see vol. i, p. 415), for which, 
as in so many other cases, only scien- 
tific names can be given. Speaking 
of one of these species (C borealis) 

Stebbing says (in A History of Crus- 
tacea): — “It is a good swimmer, tena- 
cious of life, a savage devourer of fish, 

»and not to be held in the human hand 
with impunity ”. An allied American 
species preys upon an edible variety 
of crab. As may be imagined, well- 
developed biting jaws are present in 
such rapacious forms as those just 
mentioned. The marine Isopods also 
include a remarkable series of forms 
parasitic upon fishes and higher Crus- 
tacea. Some of these are .so remarkably degenerate, as a result 
of their dependent mode of life, that they have lost all outward 
resemblance to their free-living relatives. 

The group has also freshwater species, of which one, the 
Water Wood-Louse {Ascllus aquaticus), is often to be found 
among rotting vegetation, feeding upon both animal and vegetable 
substances. 
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LOWER CRUSTACEA (Entomostraca) 

The innumerable marine and freshwater Crustacea which 
come under this heading, and which are commonly of small or 
very small size, mostly feed upon minute otganisms belonging 
Jndifferently to the plant or animal kingdoms, and therefore do 
not fall under this section. Two of the included orders, however, 
embrace parasitic species, i.e. the Copepoda, to which belong 
“fish-lice”, and the Cirripedia or Barnacle order, in which are 
placed a number of strangely-shaped forms parasitic upon other 
Crustacea^ or it may be upon animals belonging to other groups. 
These will receive mention when the question of Parasitism is 
discussed. 


KING-CRABS (Xipiiosura) 

Having dealt with a few of the carnivorous forms belonging 
to the Crastacea, we come to the second class of gill-bearing 
Arthropods, i.e. the Xipiiosura, including only the recent King- 
Crabs (see vol. i, p. 423), regarding the classificatory position 
of which there has been much discussion. They inhabit .shallow 
water along the eastern coast of the United States and the 
south-east of Asia. The animal is of considerable size, and is 
covered on its upper side by firm protective armour, there being* 
a strong horse-shoe-shaped shield (whence the popular name of 
“horse -shoe crab”) extending over head and thorax, and a 
large plate on the abdomen, to the hind end of which a long 
movable spine is attached. Upon the under side of the body 
the mouth is seen as a longitudinal slit surrounded by the rough 
and spiny bases of the six pairs of walking legs, all of which, 
e.xcept the last, are, in the female, provided with pincers, while 
in the male the first pair present the common arrangement of 
a seizing organ in which the end-joint can be turned back upon 
the rest of the limb. The rough bases of the limbs act as jaws, 
and this is probably to be looked upon as the simplest case of 
the modification of a limb for this purpose, since the original 
use as a leg is still retained, though in this particular instance 
chewing duties have also been added. The foot-jaws or maxilli- 
pedes, of which examples have been described among the 
Crustacea (see pp. 141 and 142), represent a still further stage in 
the development of jaws, where the locomotor function has been 
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given up, though the outward resemblance to a leg is still more 
or less apparent King-Crabs are found where the sea-bottom 
is composed of mud, upon the surface of which they crawl, aided 
by the shoving action of the tail-spine, which is further used 
to right them if accidentally turned over. They also burrow 
into the* mud, largely aided by the last pair of legs, the ends of 
which are peculiarly modified, and by the tail -spine, which is 
employed as a prop. The food consists of bivalve molluscs 
and marine worms, which are chewed between the bases of the 
legs. 
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CHAPTER XII 


THE FOOD OF ANIMALS— CARNIVOROUS ANNELIDS 
AND SIPHON-WORMS 


Wc have next to consider typical carnivorous members of 
the phyla Anneijda, which includes Bristle-Worms (Chaitopoda) 
and Leeches (Discophora), and Gcphyrca (Siphon- Worms). 

BRISTLE-WORMS (Cii.ktopoda) 

All the members of this group have their bodies clearly 
divided into a number of successive rings or segments, the 
number of these \arying in different cases. A further character 
of im{K)rtance is the i)osse.ssion of firm bristles or setee, imbedded 
in the sides of these segments, and .sometimes very numerous 
and obvious, as in the marine Annelids (Polychieta), or else, 
as in the terrestrial and freshwater Annelids (Oligochreta), com-« 
paratively few in number. We are here only concerned with 
the marine species, and for the present purpose it will suffice 
to draw a distinction between the free-living or errant forms 
which swim, creep, or it may be burrow, and sedentary forms 
which inhabit temporary or permanent tubes of various kinds. 
As one would naturally expect, it is among the former that are 
included the typically predaceous species. A common kind, the 
Sea - Centipede (Nereis), has already been described (vol. i, 
pp. 425-429), and it is obviously specialized in accordance with 
its carnivorous habits. A large field of activity is afforded by 
the possession of several modes of locomotion — swimming, by 
means of general undulations of the body; crawling and burrow- 
ing, with the aid of blunt bristle-carrying foot-stumps arranged 
along either side of the elongated trunk. As in predaceous 
animals generally there are abundant sense organs serving to 
detect prey. The foot-stumps are provided with tactile filaments 
(cirri), j an^ the well-developed head carries a number of feelers 

IM 
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of similar kind, as well as four ^es. The most extraordinaiy 
arrangement, however, is to be found in the seizing organs. 
Nothing is present at all comparable to the jaws or seizing 
limbs of many backboned animals, nor are there jointed limbs, 
which, as we have seen, are specialized for this purpose in both, 
air-breathing and gill -bearing arthropods. But the food -tube 
begins with a muscular pharynx, which can be protruded so as 
to bring into play a pair of formidable horny jaws which project 
from its cavity. These having seized the prey, a reverse action 
takes place, bringing it within the body. Smiill crusmcea, mol- 
luscs, and sponges are the chief articles of diet. 

Comparable to the preceding in re.spcct of its food, though with 
weakly -developed jaws, is the Sea-Mou.se {Aphrodite aatleatd) 
(fig. 406), which, however, is not a swimmer. Here the body is 



Fig 406 — Sea>Moiise {Aphrotiite acMleata) 


.short and broad, and there are very numerous elongated bristles 
of beautifully iridescent appearance. The upper side is also 
covered with a sort of loose skin composed of innumerable small 
bristles matted together so as to enclose a space above the skin 
proper. 

LEECHKS (Discopiiora) 

Most of these are entirely devoid of the bristles so charac- 
teristic of the preceding group, and there is a sucker at either 
end of the body, the mouth-opening being in the middle of the 
front one. Leeches are divided into those possessing jaws and 
those devoid of these structures. 

Jawed Leeches. — The common Medicinal Leech {Hinido 
meeUcinalis) (fig. 407) is a familiar freshwater type of the jaw- 
bearing kind. It moves about either by swimming, in an ^ndu- 
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latino; manner or by creeping with the aid of its suckers, which 
arc alternately attached to the surface upon which it progresses. 
Although devoid of the obvious feeler-like structures seen in 
such a worm as the sea-centipede, it is nevertheless richly pro- 
vided with organs of sense, there being transverse rows of tactile 
structures on the upper surface, and a number of peculiar eyes 
on the upper margin of the heiid. Attaching itself by the front 
sucker to the body of its victim, it cuts through the skin with 



poucheiof crup, st, stomach, iVi/. intentiiic, bruin: u r. nerve*nng, fg-i and fir&tand kuit ganglia 
of ventral cord B, Mouth-sticker cut open from below, showing the three jiiws, j,j j» c, A jaw with 
its muscles and saw-hke edge n, Three-rayed bite, c and n much enlarged 

three horny stiw-edgcd jaws that project into the beginning of 
its digestive tube, the result being a three-rayed incision ad-* 
mirably adapted for the exit of blood, which is pumped out by 
means of the muscular pharynx, that alternately dilates and 
contracts so as to con'stitute a sort of suction-pump. It should 
further be added that a number of small glands open into the 
pharynx and pour out a fluid which prevents the blood from 
clotting, as otherwise the sucking process would be hindered. 
The greater part of the food-tube consists of a very large crop, 
the sides of which are drawn out into pairs of pouches, an ar- 
rangement which permits a large quantity of blood to be stored 
up for leisurely digestion. It is therefore not surprising that a 
single full meal goes a long way. 

Blood-sucking Leeches are by no means limited to an aquatic 
life, and it is notorious that in tropical regions innumerable Land- 
Leeches harbour among damp vegetation, from which they sally 
forth to attack all sorts of warm-blooded animals, human beings 
not excepted. Many travellers have given vivid accounts of the 
operations of these unpleasant creatures. 
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It must not, however, be supposed that all the jawed Leeches 
are blodd-suckcrs. Some of the terrestrial forms, for instance, 
live upon earth-worms, and many of the aquatic species also live 
upon small invertebrates. This is the case in the well-known 
and much-slandered Horse- Leech {Aulastomum gul6)t in which 
the jaws am not nearly so well developed as in the medicinal' 
form. 

Jawless Leeches make up for this deficiency by having the 
front part of the digestive tube in the form of a muscular tube 
which can be turned inside out and used for boring into prey, 
from which the juices arc then extracted by the punT{)ing action 
of the pharynx. Many of these forms are parasitic upon fishes, 
both marine and freshwater, while others, such as the freshwater 
genus Clepsinc, live upon molluscs and other invertebrates. 

, SIPHON-WORMS (Gephyrea) 

Passing by the phyla including the much-specialized worms 
known as Moss-Polypes (Polyzoa), Lamp-Shells (Brachiopoda), 
and 'Wheel Animalcules (Rotikera), of which the average mem- 
bers can scarcely be called carnivorous, though they feed to a 
great extent upon animal matter, we come to the equally peculiar 
phylum of SiPtfON-WoRMs {Gephyrea). This is a very hetero- 
' geneous assemblage of animals which, though they have lost 
external traces of segmentation, are usually regarded as being 
descended from ancestral forms of the nature of segmented worms. 
They are exclusively marine, and many of them, as the common 
Siphon-Worm {SipuHculus nudits), swallow sand for the purpose 
of extracting the nutritious organic matter which it contains. 
One of the included groups, however, which may perhaps be 
called the Bristly Siphon-Worms {Eckiuroidca), embraces at least 
some carnivorous species, though, as in so many other cases where 
the habits of animals are concerned, there has been a dearth of 
observation. None of the species are familiar except to the pro- 
fessional zoologist, and as one consequence of this it is necessary 
to use the scientific names in speaking about them. The bodies 
of these creatures are plump-looking and more or less cylindrical, 
while it is usual to find a certain number of bnstles imbedded 
in the skin which have been compared to the similar but more 
numerous structures found in bristle -worms. A remarkable 

peculiarity is found in the presence of ja narrow, very extensible 
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proboscis, which projects from the front end of the body, and 
is used both as an organ of locomotion and for the purpose 

. of detecting and securhig prey. A 

^ groove runs along its under surface, 

1 and at the back end of this the mouth is 

situated. One example mu^ suffice, the 
(irecn Boncllia {Boncllia viridis) (fig. 408), 
which has been the subject of very careful 
observation in the aquarium of the Zoolo- 
'VhV gical Station at Naples. The female has 

jr a fat green body some 2 inches long, and 

I provided with a very long proboscis, forked 

I at the end, and several inches in length 

I even when in a quiescent state. 'I'he 

V animal lurks in a rock-crevice or under 

a stone, and stretches out its proboscis ill 
all directions in search of food, attaining 
in extreme extension the almost incredible 

Fig. 408 -g™™ Boncllia length of nearly 5 feet, w;lien it looks like 

nr,ju\ Female on left, luaie (much a .slciider green thread. Should the forked 

eiiUigcd) on right , r i • • • i 

end of this organ come into contact with 
the soft body of a small ascidian or other suitable prey, this is torn 
from its attachment and passed down the groove to the mouth. 
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THE FOOD OF ANIMALS— CARNIVOROUS UNSEGMENTED 
WORMS AND ECHINODERMS 


One of the phyla which include typical unsegmehted worms 
next claims our attention, i.c. Fi-vf-Worms (Platyhelmia). Of the 
three classes which it includes, two — the Tapk- Worms (Cestoda) 
and P'l.UKEs (Trematoda) — embrace forms which are greatly 
modified as the result of a parasitic habit. Typical instances 
tiave already been briefly described (vol. i, chap, x), and further 
details will be given in the .section on Parasitism. The third 
class, that of the Planarian Worms (Turbellaria), comprises an 
immense number of jiredaceous forms, differing greatly in size, 
.shape, and colour, and found in the sea, fresh water, and among 
damp land vegetation. The month is remarkably variable in 
position, but it is always on the under surface, though in different 
• species it may be far forwards, in the middle, or a long way 
back. A thick-walled pharynx can be protruded and used to 
perforate the small animals serving as prey, from which the 
juices and succulent parts arc then sucked. Innumerable micro- 
scopic rods are imbedded in the skin, from which they can be 
shot out, serving, it would appear, both as offensive and de- 
fensive structure.s, though their mode of action is not clear. 
Locomotion is effected by creeping, and aquatic forms can also 
swim by undulations of the flexible body. Organs of touch and 
eyes are present, especially at the front end of the body, and 
these are efficient enough to enable their possessors to detect 
their prey by night as well as in the day. Three groups are 
distinguished, which differ among other things in the shape of 
the digestive tube, t.e. marine species, Polyclades, in which the 
gat is much branched; marine, freshwater, and terrestrial forms, 
Triclades, with the digestive tube divided into three main branches; 
marine, freshwater, and terrestrial forms, Rhabdocceles, in which 

the gilt when well-developed is a simple tube. , 

in 
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PoLYCLADES are distinguished by the extreme thinness of the 
oval or leaf-shaped body, which is often so closely pressed against 

a stone or other firm body as to be difficult 
^ A to detach without tearing. The feeding 

L I habits have to some extent been observed 

‘ \ in certain cases. The compion British 

.species Leptop/ana Iremellaris, for example, 
includes marine bristle-worms among its 
prey, enveloping them within its pharynx, 
which, when protruded, a.ssumes the form 
I ^ frilled funnel (see vol. i, p. 446). It 

*** suggested that the peculiar rodlets which 
can be ejected from the skin have previ- 
W ously been used to overpower the victim, 

W' V weakly specimens are most liable 

to attack. Once within the pharynx a* 
powerful digestive juice is poured out upon 
I 7 ^av/ food, which in a softened condition is 

1 % / ^*^^wn back into the stomach for complete 

rM digestion. One form (Prosthiostonmni), in 

which the mouth is placed far forwards, 
Kn-miV I possesses a long tubular pharynx which can 
nw be rapidly protruded, proboscis fashion, and ' 

I used to secure small worms. 

I^kjayy More numerous observations have been 

1 ( 7 ^^/ made upon the Triclades (fig. 409), which 

It^/ highly carnivorous and, as in the pre- 

l^y ceding group, use the pharynx as a weapon 

\fy of offence, pushing it out from the centrally 

r«.^..ATCchd.Phu«ri»(mueh O'". backwardly situated mouth. 

«nbnted),withpiiarynxpntnided. The There is little doubt that in this group also 

bnuiched gut i& seen Within the body. 4 , tti r 

the rodlets shot out from the skin exert a 
paralysing influence upon the prey. The freshwater specimens are 
known to attack worms, water-snails, and water-beetles, among other 
invertebrate forms. Land Planarians, which belong to this group, 
feed to a very large extent upon earth-worms, some of them being 
adapted to pursue these creatures underground, capturing them 
with the help of a sticky fluid poured out upon the under surface. 

Some, at least, among the Rhabdoccele species are carnivorous 
in habit^ and certain marine species are parasitic. 


F^.409.— >A THchde Planarian (much 
enlaiged),with pharynx protruded. The 
branched gut i& seen within the body. « 



CARNIVOROUS UNSEGMENTED WORMS, ic. 


*53 


HEDGEHOG-SKINNED ANIMALS (ECHINODERMATA) 

The large and characteristic phylum of the Hedgehog-skinned 

• Animals, or Echinooermata, to which Sea- Lilies, Feather-Stars, 

• Star-Fish, Brittle-Stars, and Sea-Urchins belong, does not include 
a majority ofr.carnivorous species. The most characteristic forms 
in this respect are undoubtedly the Star-F'ishes, of which the Com- 
mon Star-Fish or F'ive-Finger {U raster rubens) may be taken as 
type. Crawling slowly along by means of the innumerable tube- 
feet, which protrude from five grooves on the under side of the 
body, the central mouth (from the neighbourhood of which these 
grooves radiate) is from time to time brought into the neigh- 
bourhood of some desirable bit of food in the form of a mollusc, 
crustacean, or other animal. Then follows a process which re- 
minds one of what takes place in a-planarian worm, for while 
the clinging body of the Star-F'ish holds down the booty, a 
large pouch-like stomach is protruded, which folds itself round 
the desired object and, having enveloped it, is drawn back by 
.special muscles into the interior of its owner, where the process 
of digestion is carried on. Star-F'ishes appear to be among those 
animals which do scavenging work, and Mr. Saville Kent is 
inclined to think that this is part of their business in oyster- 
heds, where they are usuiUly believed to play havoc among the 
inhabitants. Regarding them this author (in Tlu: Great Banner 
Reef of A ustratia) writes as follows; — “ Star- Fishes of all de- 
scriptions, but more especially the ordinary five-rayed varieties, 
Asteriada;, are universally held up for condemnation as repre- 
senting the most insatiable foes of the oyster tribe. Whether 
this wholesale condemnation is a just one there are some reasons 
for doubting. In many instances it has been obsierved that the 
star-fishes were merely acting as scavengers and preying on 
dead or dying bivalves. The direct experiment was carried out 
by the author some years sin^e, in one of the large English 
public aquaria, of keeping oysters and star-fish, including the 
accredited most aggressive species, Asierias {Urastcr) rubens^ 
in the same tank. The pre-.supposed aggressors and their help- 
less- victims were thus maintained side by side in perfect health 
for many months without a single instance occurring of molestation 
of the oysters on the part of the star-fish. The Echinoderms, how- 
ever, demonstrated their possession of qprmal healthy appetites 
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by feedinff freely on portions of cut-up fish occasionally placed 
in the tanks." It has been proved that Star-Fishes are largely 
guided in their hunt for food by the sense of smell, and this is 
a common characteristic of many scavenging animals. On this 
subject Romanes (in JeHy-Fish, Star^Fish^ and Sea-Urchins) 
describes his observations in these words:— " Thi; presence of 
a sense of smell in star-fish was proved by keeping some of 
these animals for several days in a tank without food and then 
presenting them with small pieces of shell-fish. The star-fish 
immediately perceived the proximity of food, as shown by 
their immediately crawling towards it Moreover, if a small 
piece of the food were held in a ptiir of forceps and gently 
withdrawn as the star-fish aj)i)roached it, the animal could be 
led about the lloor of the tank in any direction, just as a hungry 
dog could be led about by continually withdrawing from his nose 
a piece of meat as he continually follows it up." 



CHAPTER XIV 


THE FOOD OF ANIMALS— CCPILENTERATES, SPONGES, 

AND PROTOZOA 


Passing downwards in the animal scale we come to the in- 
numerable marine forms, often of extreme beauty, which are 
grouped together in the phylum C(HLKNTEra, and include 
Zoophytes, Jelly-Fish, Sea-Aiiemonesj Corals, and Comb-Jellies. 
TJiree chisses are recognized: — (i) Ctenoi’iiora, Comb-Jellies; 
(2) Antiiozoa, Sea-Anemones and most Corals; (3) Hydrozoa, 
Zoophytes, Jelly-Fish, and some Corals. The creatures em- 
braced by these three classes are all actively predaceous, and 
the methods of capturing prey will be described with reference to 
a few typical forms. 

^ COMB-JELLIES (Ctknopiiora) 

A common British Comb- Jelly, Cydippe (see vol. i, p. 483), 
hrus a translucent body sha{)ed like a small melon, which is rowed 
through the water by eight longitudinal rows of little paddles, 
which suggest by their appearance the teeth of a comb, hence 
the word Ctenophora (Gk. cteis, a comb; phdro, I carry) and 
its popular equivalent. The digestive organs are represented by 
a complicated system of canals traversing the jelly-like body, and 
opening by a mouth at the end which is kept hindermost during 
swimming. Two long branched tenlaclcs protrude from pouches 
in the side of the body, and can either be extended to a rela- 
tively great extent or else withdrawn altogether from the surface. 
These tentacles arc veritable fishing-lines which capture the food, 
consisting largely of minute crustaceans, by means of innumerable 
minute sticky knobs with which they are be.set. Should the 
victims attempt to escape they are “ played ” by the straighten- 
ing out of the elastic spiral stalks with which these knobs are 

provided, and when exhausted are conveyed to the mouth, 

m 
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In another common type, Beroi* (fig. 410), there are no fishing- 
lines, but the body is shaped like an elongated pointed cap, the 
wide opening of which is to be regarded as a mouth. Some of 



Fig 410 — Beiui. 


the species are of large size, and swimming is 
largely effected by the alternate contraction and 
relaxation of the walls of the bod}^. The prey 
consists to a great extent of other sorts of comb- 
jellies, and there is small chance of escape for any 
of these which are so unfortunate as to be engulfed 
within the cajxiciuus central cavity of this vora- 
cious cap, provided as it is with hooks. 

SEA-ANEMONES AND TYPICAL CORALS 
(Anthozoa) 

A brief description of a Sea-Anemone has 
elsewhere been given as illustrative of the struc- 
ture of this class (see vol. i, p. 473). We are 
here concerned with the capture of prey, and 
at first sight a fixed animal, which resembles 


when extended a brilliantly -coloured flower, does not appear 


ca])able of playing havoc with its neighbours — certainly not with 
such forms as fishes and crustaceans (fig. 41 1). Appearances, 



Fig 411 —A Sea* Anemone. Notice mouth 
sutTounded by tentacles. 


however, are unusually deceptive in 
this case, for the innocent-looking 
“petals” are aggressive tentacles, 
armed with innumerable “nettling 
orgjins”, and they surround a large 
mouth which can be easily stretched 
so as to admit prey of compara- 
tively large size. The modus oper- 
andi is graphically described by 
Fred Smith (in The Boyhood of a 
Naturalist). The boy has brought 
home from the sea- side his first 
collection of marine animals, in- 
cluding a large contracted ane- 
mone, of which its donor, a friendly 
fisherman, had said: “If he blows. 


he’ll astonish you; and if he ain’t hurt he will, purviding you 
put tim ' into some of your fresh sea -water when you get 
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home Then follows the sequel. •* When put into the fresh 
water the diseased -looking potato had fallen to the bottom 
of the bottle, 'and lay there apparently dead as any potato 
ever was. And now — can words describe it? — it was three 
times its former girth, and rose up like some green-and-red- 
striped cactus plant, two-thirds the height of the bottle, where 
it burst into a myriad delicate grey-green petals, which merged 
at their biise into as delicate a pink, and they nidiatcil at the 
top exactly like the tlorets of a chrys<inthcmum, and in such 
luxuriance that the bottle was not nejirly wide enough for 
their free expansion.” I'wo brothers of unscientific Itendencies 
are then introduced to the marvel, “ when someone, out of 
the purest mischief, dropped one of my live shrimps right on to 
the top of it, and then a curious thing happened. Instead 
of the anemone closhig up, it seemed to ex{xind itself more 
folly: the shrimp, after only one or two attempts to dart about, 
was distinctly Uiken hold of, so to speak, by the petals or ten- 
tacles of the anemone, and then it gave up in the most unexpected 
manner all attempts even to .struggle. When I say the ‘ petals ’ 
held the shrimp, they only seemed to touch it, and yet to securely 
hold it. In fact the shrimp seemed to become paralysed and 
utterly helpless, and then it was in a mysterious manner handed 
eilong over the top of the tentacles, they all bending slightly in 
sympathy towards the poor shrimp: and in, say, half a minute, 
it di.sappeared, without a struggle, into the mouth in the very 
centre of the creature, which, now that it behaved like an 
animal, looked like nothing else than an elaborately-decorated 
stomach.” The present writer remembers on one occasion put- 
ting some healthy whiting into a small aquarium containing 
some expanded anemones. The fish came into contact with 
the tentacles of these, and with startling result, for next moment 
they were floating in a moribund condition, back downwards 
at the surface of the water. It may be worth while to ex- 
amine rather more closely the nature and action of the “net- 
tling organs ”, of which the action has just been described, and 
which are potent enough in many cases to pierce the human 
skin with painful results. Varying largely in the details of 
their structure, these organs are present in most of the animals 
included in the Anthozoa and Hydrozoa. The “nettling organs”, 

“ stinging- cells ”, or “thread-cells”, as ^hey are variously, called, 
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are microscopic structures imbedded in the body -wall, and 
particularly abundant on the tentacles, where they are often 
agjjregated into “ batteries ”, giving rise to a* roughened ap- 
pearance as seen under strong magnification. Each of them 
(fig. 412) is a highly-modified cell, and before use 
) looks like a little vesicle or bladder vdthin which a 



thread is coiled up. The bladder contains a poi- 
.sonous fluid, and its elastic wall is covered by a thin 
laycT of living matter or protoplasm, from which a 
stiff “ trigger-hair ” projects to the exterior. The 
layer of living substtincc covering the vesicle has 
been described as in connection with a nerve-fibre, 
and this again with a nerve-cell. The coiled thread 
is hollow, and can be shot out to the exterior by 
pressure of the fluid in the vesicle, the motive power 
being supplied by the living layer, which is capable 
of contracting so as to exert a squeezing action. 
During the process the thread is neces-sarily turned 
inside out (see fig. 412), and the first part to emerge 
is provided externally with a varying number of back- 
wardly - directed .spines. 'Fhe apparatus is under 
nervous control, and the animal undoubtedly exerts 
discriminative power, for the contact of, say, a sand* 
grain with the trigger-hair leads to no result. But 
if suitable prey, such as a shrimp, is the disturbing 
influence, the stinging-cell “explodes”, i.e. the thrcjid 
is raj)’<lly protruded to the exterior, its spiny base 
inflicting a wound, and holding fast like a Ixirbed 
arrow. Part or all of the rest of the thread is then 
ejected into the wound, and the poisonous fluid is 
able to exert its full effect Should the victim struggle. 


Fi j;.4 1 3. -Thread- 
cells (greatly un- 
laiged). The one 
on the right n ex- 
ploded 


and it often does, other tentacles are brought up to the 
attack, and it is eventually overcome by the action of 
a sufficient number of stinging-cells. These differ 
from the adhesive knobs of a Comb- Jelly in the fact 


that they can be only u.scd once, and after explosion are cast off, 
being constantly replaced by the growth of others. 

Corals. — Anemones are devoid of any hard parts, but their 
relatives the Corals (fig. 413) are well-endowed in this respect. 
The simplest Corals are^ solitary, and each of them has its base 



AUSTRALIAN SEA-ANEMONES AND CORALS 
(Alter Seville Kent.) Drawn to \aiiuus bCtdes 


Among marine animals few possess such stciking hues as Sea- 
Anemones and Corals. It would appear to be, at least in many 
cases, ^‘warning coloration”, by which these apparently defence- 
less rreatiin's give notice of unpleasant qualities. They are, in 
fact, proiided with innumerable microscopic stinging capsules, 
which make them inedible to most carnivoious fishes, &c. 

Anemones 

1 . Meterodaefyla Ilempric/iii. 

2. Heterodtuiyia Aypnoides. 

3. Giant Anemone {Distosoma Ifaddoni). (Over 1 2 inches in 

diameter.) 

4. Physobrachiii Dou/flasi. (Only tentacles are seen.) 

Corals 

5. Caloria, 

6. Siylopora ptilmaia. 





AUSTRALIAN SEA-ANEMOWES AI^D CORALS 

I. H4‘t>*rml.irtyl.f Hein|>iii a, IIitcruilfU'‘\l.f hvpnoidts. 3, (iuiit Aiifinunp. 
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Supported by a flat or cup-shaped sWeton. The remaining 
are colonies, formed by the budtXg of one primary individual. 
Each member of the colony is Bsentially like an anemone in 
^ structure, and the various indivic ^s 
^e connected together by a comJ |n 
body, just as the leaves of a p it 
are continuous with the brand 
stem. All sorts of shapes arc assu Ad 
in different species. It may not] 
altogether superfluous to quote le 
the remarks of .Saville KOnt (in te 
Great Barrier Reef of Austn i) 
about the once popular and even It 
not altogether defunct fallacy wl] n 
ascribes the formation of coral *toj [n 
intelligent and industrious insccti 
“ Notwithstanding the wide <£ 
sion of knowledge, which inclutlj a 
smattering of many ‘ 'okigies is 
astonishing to fiml how tenacioijjan inlluence ancient tradition 
concerning coral organization stillBxerts on the public mind. The 
poetic fallacy of coral-reefs beinM built uj) by an association of 
‘iwsects’ between which there suuKts a relationship analogous to 
that which obuiins between the ‘ Ay bee and its waxen cell ’ is 
frequently enunciated from the and in the pages of the 

daily newspajicrs. . . . Duubtle» there is a larg(; section of 
the public whose zoological lore ftll ever remain restricted to 
the narrow limits ()f that of PnnclJk railway j)orter, who, puzzled 
as to the classification of the old «dy’s tortoise, declared that, 
being ‘neither a dawg nor a bird, A must needs be a hinsec’. 
There is also a very large multitudSto whom the term ‘insect’ 
includes everything not distinctly *r<fecrible to the Cfitegory of 
‘ flesh, fowl, or good red herring ’• • • i ,The coral animal ... is, 
individually, a simple polyp, compar»le in every' essential detail 
with the ordinary simply - organize^ .sea - anemone familiar to 
every sea-side or aquarium visitor/ with the exception that it 
possesses the power j)f secreting I dense, calcareous, skeleton 
©ut of the lime iield abundantly injsuspension in probably every 
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' ZOOPHYTES, JELLY-FI‘ AND MILLEPORE CORALS 

(II ^|>ko20a) 

A simple example of thif class is the common Freshwater 
Polyp (Hydra) (see vol. i, p| ^65), which is practically a living; 
stomach of cylindrical shap| (atbiched by one end, which is 

closed, while in the 
centre of the other is 
a dilatable rounded 
mouth, placed at the 
apex of a conical pro- 
jection. Around the 
base of this 2)rojection 
are arranged a num- 
berof hollow tentacles, 
richly provided with 
thread-cells, and cap- 
able of being stretched 
out for a considerable 
distance in search of 
jircy. The branching 
sea-weed-like struc- 
tures known as Hy. 

I :i droid Zoophytes (fig. 

Fig. 414.— A Hydroid Zoophyte ( 7 'm|. jnrt'a) 414) are in reality 

, colonies of hydra-like 

individuals which capture pif y by means of their tentacles. In 
many cases such colonies gi^ ' rise to Jelly-Fish or Medusa; (see 
vol. i, p. 479) comparable shape to an umbrella, the mouth 
being situated at the end j i the handle. Other sorts of jelly- 
fish arise by the transvers ^'division of certain simple zoophytes, 
and others again have no jhxed stage in the life-history. In all 
cases nettling-organs are {Resent in great abundance, especially 
upon slender tentacles wit which the umbrella is fringed, and 
upon lobes and filaments \ laced in the neighbourhood of the 
mouth. \ 

Millepore Corals.- ;ery interesting group of Hydrozoa 
is that containing certain o |Val.s, of which the Millepore Coral 
(Millepora) (fig. 415) may b 'taken as an extilnple. This is a 
colony, of which the shape |;pends upon the species, and it is 
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in 


* cresting as exhibiting division^ pkymb^al labour betwe^ 
tjbie members of the colony, a common phenomenon in 
animal kingdom! As r^ards ntion we can distinguish be> 
tween individuals which 

* serve as stomachs, and 
slender mouthless indivi- 
duals richly provided with 
nettling-organs and con- 
stantly fishing for prey. 

Each of the laiger feed- 
ing individuals is ‘sur- 
rounded by a circle of 
the fishers, which provide 
it with food. As all the 
members of the colony 
are connected together 
by .the coriimon flesh, 
anything which is caught 
and diffcsted benefits all 

f tu^I V fl« indiviilnaK fiom a Millcpore Coral (Millepom) 

UlC Iiei^lllJUUrui puiy ^ individual Siiirolindcd hy five fikherc 

more or less. 

CoMTOUNi) Jelly -Fish. — ision of labour, however, is 
eShried to a far greater e.xtent another group, that of the 
Compound Jelly-Fish {Sip/ionop/i ), including a large number 
of translucent free-swimmincr forms uch as Diphyes, Physophora 
(fig. 416), and Velella. 

Each of these is in effect a flot, ng colony produced probably 
by the budding of an originally igle jelly-fish, the shape of 
the colony being determined by th^ ethod of budding, whether 
from the under side of the original brella or from the surface 
of the much-elongated handle, which^s converted in many cases 
into a long trailing stalk. The members of the colony, or it 
may even be the organs of certain Aembers, are specialized in 
all sorts of ways to perform differeiA functions. One may be a 
gas-containing float, others may hemwimming-belU, and so on, 
but those which are of special interfst in the present connection 
are trumpet-like feeding-individuaM which receive and digest 
food for the common good of tM colony, and slender often 
branching flsking-lines which trail <fl the water and capture prey. 

A good example is the Portugllese^an-qf-war (Phys^ia), tifhich 

vob. II. ^ % 43 
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insists of a hupfe float to tH ‘.under side of which other sorts ' 
of individuals are attached, iiy^pding very long fishing-lines, of 



Fig 4 i 6.~A Compoii 

At the top a small float. Below this a sulA taring swimming-belK. Next follow protective covering-pieces 
(darkly shaded), from between which oncY'.|the t^ulx^)et•shaped feeding individualh is seen projecting. 
Branched fishing-lines trail below. 


which the stinging organs 
they may seriously injure 
handle them. 


i^e so numerous and powerful that 
^ons who are incautious enough to 
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SPONGES AND ANIHALCU^S (Porifera and PROTOZOAf 

Comparatively little is know] ibout the feeding habits of the 
animals belonging to the two [.est phyla of the animal king- 
dom— Porifera (Sponges) and )TOZoa (Animalcules), -^nd as, 
apart from certain parasitic forr | which will be dealt with else- 
where, the food is for the me part of mixed character, we 
may now proceed to consider a types, from Mammalia down- 
wards, in which there are interest ^ adaptations to a diet entirely 
or mainly of vegetable nature. 



CHAPl/fcR XV 

THE FOOD OF ANIMAI.s|li»LANT- EATING MAMMALS 

So milch space has been] |e voted to the consideration of 
carnivorous forms that the linl p of this work will only permit 
of comparatively brief notice cj .nimals which feed on vegetable 
matter; but the importance khis kind of food must not be 
under-estimated, since all anir are dependent upon it either 

directly or indirectly. Indeec may be said with truth that 

green plants (as opposed to fl 'i, &c.) are the primary source 
of living matter, since they ale are able to build it up from 
simple chemical compounds, incll ing the carbonic acid gas of the 
air and the inorganic salts dissol id in the water of the soil. 

Beginning with the phylum ertebrata we will consider in 
succession the several clas.ses, s|| ting with the Mammalia. 

•> 

MA] [ALS 
PRltATES 

It is but few of the higheJPjorder of Mammals, the Primates 
(Man and Monkeys), that ail adapted for a purely vegetable 
diet Man himself, whateve/ vegetarians may say to the con- 
trary, is specially suited to a I, fixed diet as will appear in another 
section. The internal arran^ments of mammals feeding entirely 
on plants have to be constmeted on a special type, in order to 
deal successfully with the id^e bulk of food required, for pro- 
longed digestion is necesikted, and also a large extent of 
absorbing surface. AmongYhose monkeys which are mainly 
or entirely vegetable -feedersjmay be mentioned the Entellus 
Monkey {^Semnopithecus enteinj^ (see vol. i, p. 72), held sacred 
among the Hindus, to whom ifiis known as the Hunumaa The 
canine teeth do not here atta^ the size and prominence that is 
so characteristic of mayy carf vorous mammals, nor are there 
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sharply-pointed cheek-teeth as ! insect-eating forms; but* 
negative features are not so c ^usive as the positive indication" 
of plant-eating habit afforded the stomach, which, instead of 
being a simple sac as in man| id most monkeys, is complex, 

. consisting of three separate isions. Vegetarian mammals, 
notably the ruminating forms| bommonly possess a complex 
arrangement of the sort Reas |ing from analogy, Owen, after 
studying the anatomy of monke of this group, put them down 
as leaf- eaters at a time wher Ihe nature of their food was 
a matter of conjecture. Subd luent observation proved the 
correctness of this surmise, as tellus Monkeys and* their kind 
feed largely on leaves and juic) Ihoois. 

HOOFED MAMf LS (Ungulata) 

The majority of the animal ncluded in the large and im- 
portant order of Ungulata are acteristically vegetable-feeders, 
though the omnivorous pig.s their allies form an important 
exception to this. It may be' membered that there are two 
sub-orders of Ungulates (see vol p. 104) — (1) the odd-toed forms 
or Perissodactyles, including irs. Rhinoceroses, and Horses; 
and (2) the even-toed specie or Artiodactylcs, including the 

non-ruminating groups of S and Hippopotami, and the 

suminating animals embraced idcr the headings of Deer, 
Antelopes, Cattle, and Giraffes. It will suffice for the present 
purpose to devote most of our s : to con.sidering in detail the 

food and feeding of the Horse a Ox, highly specialized repre- 

sentatives of the two sub-orders. The points specially deserving 
consideration will be the mea employed in securing food 
(prehension), and afterwards redu it to a fit state for absorp- 
tion into the blood and lymph. 

The Horse {Equus cabal/us), lost grazing animals, spends 
a large part of its time with the bent down to the ground, 
and if the raising of it, which is consAntly necessary, were brought 
about by muscular action solely, a ^tefUl amount of force would 
be expended. But in such cases greater part of the work is 
done by the elasticity of a strong ck-ligament, which runs from 
the back of the skull to the long s^nes of the chest vertebrae, and 
sends branches forwards to be atwhed to the joints of the neck. 
Herbage is gathered into the m£ith by the agency of the lips, 
which are extremely sensitive an flexible. Regarding « them, 

) 
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fer remarks (in The Hors A Study in Natural Histoty ): — 
“ Anyone who has seen a horsi j^ake a small piece of sugar from 
a child’s hand will appreciate tj delicacy and ef^ciency of these 
organs as instruments. of preh^ on”. Perissodactyles generally 
are distinguished by lips of kind, and in the Tapirs (see 
vol. i, p. 105) the snout is proc ^d into a short mobile proboscis, 
partly formed by extension of. upper lip. The nature of the 
food is commonly indicated bi the characters of the teeth, and 



Fig. 417.- -Coinplicatcd Gri 

this is strikingly exemplified 
for cutting through grass and t like are well developed in both 
jaws, but canines, not being uired, as in the Carnivora, for 
seizing prey, are not well devel 'Cd, and in the Mare are either 
entirely absent or represented mere vestiges. Adaptation to 
vegetable food comes out str ly in the complex cheek-teeth, 
which po.ssess long grinding owns, marked by a complicated 
scries of folds and ridges. it is particularly noticeable that 

the projecting part or crown f a horse’s tooth not only con- 
sists of hard dentine and ver lard enamel, as in a human molar, 
but also of a great deal of x>ny substance, cement, which fills 
up the “valleys” in the ,1, instead of, as in simpler cases, 
being confined to a thin lay< n the parts imbedded in the gum. 
In this way unequal wear provided for by which the top of 
the crown is always kept ugh, instead of wearing down to a 
smooth ineffective surface, would otherwise be the case. The 
teeth of a tapir or rhinoc^'^)s are much less complicated than 
this, but a study of the geneVigy of the Horse, as established by 
fossils, shows that in the cou||>e of ages comparatively short and 
simple cheek-teeth, not unlil those of tapirs, have gradually 
attained the specialized condiij j»n which is now so characteristic. 

Herbivorous animals, in "«r to obtain the nutriment which 
they require, have to take in d|comparatively large bulk of food. 


nA Vteeth of Horse [Rqittu caballut) " 

inKhe Horse (fig. 417). Incisors 
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and their digestive organs are of| )rresponding size. Oi^ 
of this is that the abdomen is as compared with the thorax/' 
the proportions being reversed carnivorous forms, which have 
to deal with a comparatively sm!||>,^bulk of highly hutritious matter. 

I The Horse is not an extreme c for it feeds little and often, as 

compared with some other form ing on the same kind, of food, 

but the general proportions of body are strikingly different 
from those of a dog or cat, the reason indicated among 
others. Once swallowed, a lar digestive and absorptive sur- 
face is necessary to deal success ly with vegetable food, and to 
meet this requirement the fo(Kl-|Hl)e of herbivores is .both long 
and more or less possessed of (fj^llen regions. We have seen, 
for example, that the stomach of ; leaf-eating Hntellus Monkey 

is large and divided into sever; ompartments. As to length, 

the Horse affords ;i good illu ition of the principle, for its 
iotestines are from ten to twel Itimcs the length of the body, 
while in a ait they are only or five times as long. The 
stomach of a horse is not sp lly c;ip:icious and its shape is 

simple, but an interesting fcatu may be noted in the character 

of its lining, which in the left- id part is hard ;ind tough, while 
in the right-hand portion it is )ft and glandular, secreting the 
important digestive fluid known gastric juice. In other word.s, 
^Jie right-half region is that w h is esjiecially concerned with 
chemical digestion. The digesti tube of the Horse does, how- 
ever, possess an exceedingly laUe dikited region in the blind 
pouch or cacunt, which grows «t from the beginning of the 
large intestine. It is probable miat this has to do with the 
digestion of plant- membranes, vmch are composed of cellulose, 
a substance which, though alliei^to starch and sugar in com- 
position, is notoriously difficult toyw'gcst, as human beings often 
find to their cost if they swallow thV^kins of grapes, gooseberries, 
and other fruits. 


Turning now to the Ox {Bos 
horse, there is a strongly -develo] 
pax-wax of butchers), having the 
mouth is placed on a large blunt 
paratively immobile, their food k 
the large rough tofigue, which *J 
seize tufts of herbage, drawing tW 
present features which are charadfl 


li^rus), we find that, as in the 
pA elastic neck -ligament (the 
^«e already mentioned. The 
mussle, and the lips are com- 
ping grasped in this case by 
i extremely flexible, and can 
;m into the mouth. The teeth 
ristic of most common rumin- 
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'utting incisors are pr ^ent in the lower jaw, and also 
^nines which resemble themj shape, being quite unlike the 
lower tusks of Carnivores, tc irhich they correspond Front 
teeth, however, are entirely a it in the upper jaw, their place 
being taken by a hard elastic , against which the teeth below 
bite. The point is illustrated] ^y the old story of the knavish 
dealer who sold some old €\ to a greenhorn as particularly 
fine lambs, pointing out as pr^ that the upper front teeth had 
not been cut The cheek-teet fare complex grinders, something 
like those of the horse, but nc^ pearly so specialized. Enormous 
salhary guilds are present, in ^rrelation with the starchy matter 
of which the food largely coij sts, and which is converted into 
sugar by the action of saliva pancreatic juice. The internal 
digestive organs are exceeding bulky, the intestines being from 



Flu ai8.— 'Stumaa Sheep 

Shown Lilt open on nght The lower end ol | <Lt is seen alxive and licginiiing of intestine to led. 
fa Paunch, re/, hoiicy'i unib stunj h. /f nianyphcs, r.U rennet stomach. 

twenty to twenty -two times tl# length of the body, much longer 
than in the Horse, though not dualling the Sheep and Goat, where 
they attain as much as from t\ l^ty-eight to thirty times that rela- 
tive length. The most remarj 5le peculiarity of the Ox and other 
ruminants, however, is found ’^the enormous and complex stomach 
(fig. 418), related to the habij ruminatiofi, or, as it is popularly 
termed, “ chewing the cud ”, irhich enables these animals to take 
in a large bulk of food veryl^pidly, and afterwards to masticate 
it at leisure. To this stomalh there are no less thap four com- 
partments, as follows: — (i) A enormous paunch (rumen) on the 
left-hand side, and having alnut nine-tenths the entire capacity 
of the stomach; it communicate by a wide aperture with (2) the 
honey-comb stomach (reticulumn so called because its lining is 
raised into a net-work of pronUent ridges presenting some re- 
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semblance to a honey-comb; tj^s compartment opens*1^f>; ^e 
(3) manyplies (psalter or omasi^), the name of which suggests 
the fact that its lining is raised into numerous folds, projecting 
almost like the leaves of a bool^X^uch as a psalter or psalm-book, 
for instance) into its cavity; tP^f manyplies is continued into the 
last compartment, (4) the rentu^stomach (reed, abomasum), from 
which the small intestine leads The first three chambers are 
lined by a thick hard mcmbraiw reminding us of the left-hand 
part of the horse’s stomach, anO it is not unlikely that in both 
cases we have to do with a dilai^ part of the gullet, comparable 
to the crop of a bird, and not rd^ly a part of the stomach at all. 
The fourth or last compartment ^the true chemical stomach, and 
is lined by a soft membrane secr^ng the gastric juice. This con- 
tains pepsin, and also a milk-curwng substance (rennin), which is 
the source of the rennet used in j^ese-making. 

The food is cropped rapidfm and swallowed without being 
properly chewed, passing into paunch. Here it gets into a 

sodden condition, and later on,^il^en the animal begins to chew 
the cud ”, is made up into bolusM in the honey-comb stomach, and 
returned to the mouth for tho{ ugh mastication. While this is 
being effected the lower jaw moved from side to side — from 
left to right, and right to left tilt [lately — the articulation of the jaw 
being so constructed as to perm of this (sec vol. i, p. 29). After 
the second and thorough chewiix0| the food is conducted along a 
groove into the manyplies, whic'^ acts as a strainer, and thence 
into the rennet stomach, where gastric juice is poured upon it. 
The conditions of life under whieW the primitive ruminants existed 
account for the evolution of tht^complex stomach. The grass 
constituting their food would be U^st abundant on the plains, and 
here they would be exposed to t^ attacks of Carnivores. The 
power of rumination enables its ^|Lses.sor to rapidly obtain and 
swallow a large bulk of herbage, Ktiring afterwards to a place 
of safety, where the process of ma|tication can be completed at 
leisure. 

It is a commonplace that ordit^y ruminants, just like Lions 
and Tigers among the Carnivora jpnd their food on or near the 
ground; though some of them, (foats, for in.stance, rear up on 
their hind-legs so as to browse In leaves and shoots otherwise 
out of reach. It has, howevcM recently been shown that a 
common South African antelohof, the Blue-Huck (C^halophus 
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nmScola), can climb trees to some extent, for a number of them * 
have been seen feeding among small branches about 12 feet 
from the ground. An extraordinary though well-known device, 
by which leaves and shoots at a considerable height from the 
ground are rendered available as food is affor<led by the im- 9 
mensely long neck of the Giraffe {Giraffa Camelopardalis) (see 



Fig 419 —The Q|||pi {Okapia yohnstom) 


vol. 1, p. 120). Here, too, Both lips and tongue are mobile, 
prehensile organs, and the later is distinguished by its extreme 
length. The Okapi {OkapiXjohnstoni) (fig. 419), recently dis- 
covered by Sir Harry John!«n in Central Africa, may broadly 
be described as a .short-ncclw Giraffe, and is a kind of “half^ 
way house ” between its tall relative and other forms. The 
stuffed specimen which may x; seen in the British Museum 
(Natural History) at South Kensington, possesses no horns, 
though there are bosses in Be skull in places where horns 
might be expected (from compa^son with Giraffe) to occur. This 
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specimen, however, is immature, and it is at present unknown 
whether the adult is hornless or not 

No mention of the feeding habits of Ruminants would be 
complete without allusion to the way in which the Camel 
{Camelus) is adapted, as regards drink, to desert conditions. 
The paunch here presents two swollen regfions, resulting from 
a raising of the lining into folds, so arranged as to bound some 
800 good-sized storage-cells for.^ater. The opening into each 
of these can be closed by the action of a ring-muscle with which 
it is provided. It may be noted in passing that Camels possess 
upper front teeth, and that the manyplies is represented by a 
simple tube. 

The Hippopotamus, among 'non-ruminating Artiodactyles, is 
a voracious plant-eating form, contrasting in this resiiecl with its 
omnivorous allies the Pigs. Some, noteworthy features of the 
common kind (IJippopotamus tuiip/iidius) may be enumerated. 
The formidable tusk-like incisors and canines grow continuously 
throughout the life of the ai^mal, and arc forwardly directed, 
the latter being kept sharp by Natural weiir (see vol. i, p, 108). 
The arrangement is adajited for digging up water-plants and 
shearing off vast quantities oK all sorts of vegetation. Once 
within the mouth the food is chewed by large cheek-teeth, the 
broad crowns of which wear into a characteristic double-trefoil 
pittern. The huge stomach (11 feet long) is four-pouched, and 
the intestine may be 180 feet long. Such a digestive tube is 
clearly suited to deal with an immense bulk of food. 

ELEPHANTS (Troboscidea) 

Elephants (see vol. i, p. t03)yDrcscnt a number of interesting 
adaptations to the herbivorous Klbit Prehension is here the 
function of an immensely elongatcM nose or proboscis, which is a 
sort of exaggerated edition of the Tapir’s snout The mu.scle of 
which it is mainly composed is atranged in a very complicated 
manner, enabling all sorts of elabor^ite curving movements to be 
performed. A greater range of possibilities is here presented than 
in the Giraffe, for though in thatt'animal the long neck enables 
leaves and shoots at a consider^le height from the ground to 
be reached, grazing on the gro]|ind is rendered more difficult, 
and can only be effected by st^ddling out the long fore-legs 
in a particularly ungraceful attiti^e. The trunk of the Elephant, 
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on the contrary, can secure with equal ease foliage placed far 
above the mouth or tufts of grass and the like situated far below 
it, and it can also be used in the uprooting of small trees, should 
the upper parts of these take the fancy of its possessor. The 
tip of the proboscis is extremely sensitive, and so shaped as to 
be capable of comparatively difficult manipulations. The shape, 
however, is different in the two existing species, that of the 
Indian form ijiuelephas) having a finger-like prolongation. Ele- 
phants are further distinguished by remarkable peculiarities in 
their teeth. Incisors are entirely absent, except two in the upper 
jaw, which form the offensive and defensive weapons known as 
tusks. There are no canines, and the cheek-teeth arc enormous 



Fiff. 4ao.— Grinders of African (a) and Indian (n) Klephants 


grinders with broad crushing crowns (fig. 420). These succeed 
one another from behind forward, quite unlike what happens in 
ordinary Mammals, and .so large arc they that, at most, parts 
of two are in use at the same time on either side of the jaw. 
There is also a complex folding, reminding one of what has bees 
de.scribed for Ruminants. It may be understood by supposing 
the tooth to be thrown into a number of transverse folds with 
deep valleys between them, each fold consisting of hard dentine 
covered by still harder enamel, while the valleys are filled by 
comparatively soft cement resembling bone in nature. On looking 
at the crown of a worn tooth of the African Elephant (Loxodon), 
the folds are seen to be comp»tivcly few and somewhat lozenge- 
shaped, while in the Indian sffcies they are much more numerous, 
relatively narrow, and somewhat wavy. It should further be noted 
that an elephant’s grinder rrses into position obliquely, so that 
the hinder folds are not at first brought into wear. The stomach 
is simple, but adaptations to vegetable food are present in the 
form of a large broad cacum, while the intestines reach the length 
of from 106 to 125 feet, or to put it graphically, the intestines of 
three elephants, stretched out and placed end to end, would con- 
siderably more than suffice to mark out a course for a loo-yards 
race. 


THE INDIAN ELEPHANT {Euelephm htdkus) 


Elephants, the largest land animals now existing, are tc- 
presented by two distinct kinds, the African Elephant {/jtxodon 
A/ricattus) and Indian Elephant {EueUphts Jndiius\ native re- 
spectively to Africa and South Asia. These animals are adapted 
by their structure to vegetable food, which is secured by the pre- 
hensile trunk, this enabling them to seize food from the ground 
or from high above their heads with equal case. Of front teeth 
only two upper incisors are present, which constitute the familiar 
tusks, serving as formidable defensive weapons. In adult elephants 
not more than four large and complicated grinding-teeth arc in 
place at the same time. These consist of three sorts of material 
of different degrees of hardness, and thus always present an 
effective ridged crown for breaking up the food. The ridges arc 
much narrower and more numerous in the Indian than in the 
African species. 'Die stomach is simple, but the intestines are ot 
great length, in correlation with the nature of the food, which is 
more difficult to digest and absorb than the flesh diet of car- 
nivorous animals. 





THE INDIAN ELEPHANT (EUELEPHAS INDICUS) 


DRAWN FROM THC LIFE BY F. SPECHT 
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SEA-COWS (Sirenia) 

Sea-Cows a»e herbivorous mammals which have taken to an 
•tiquatic life, feeding along the shore and, in one species, travel- 
* ling up rivers for a considerable distance. Only two forms now 
exist — the Manatee and Dugong. 

The Manatee (J/ana/iis) (see vol. i, p. loi) is found on both 
coasts of the tropical parts of the Atlantic, and lives for the 
most part in the larger rivers, which it may ascend for hundreds 
of miles. Only fort;-limbs arc present, and though these help to 
some extent in seizing food, the chief jjrehensilc organ is the 
upper lip, which is well cleveloj)ed and of remarkable sha{x:. 
Deeply cxcaviited in the middle, it possesses a sort of jKid on 
each side, and the two pails can be brought together for the 
puqjose of grasping food, which is. held fast by their bristly 
surfaces, and then drawn back into the mouth. C'anine teeth 
are entirely absent, and the adult possesses no incisors, though 
in the young animal vestiges of these are to lx; found under the 
thick homy plates with which the front of the jaws is armed. 
The roof of the mouth is furnished with similar plates. 'I'he 
cheek-teeth are in the form of grinders, with broad, square crowns 
marked by transverse ridges. Of th(;se teeth 44 in all are devel- 
oped, but not more than 24 of these are tis a rule in use at once, 
for by the time the hinder ones are in place those in front of them 
have dropped out. 

The Dugong (Phaticore) (fig. 421) is essentially a marine 
animal, ranging round the shores of the Indian Ocean to the 
coast of Australia. The upjKir lip is not .specialized for prehen- 
sion as in the Manatee, but the lower lip is - relatively larger 
and much swollen. One marked peculiarity is found in the front 
parts of the jaws, these being bent abruptly downwards. As 
before, they are armed with crushing homy plates. Incisors are 
better developed than in the Manatee, for two are present in 
the male in the form of long sharp tusks. These are developed 
within the jaw of the female, but never cut the gum. The re- 
maining teeth are simple rounded molars with Hat, smooth, rounded 
crowns. Not more than twenty are present at any time, and they 
appear to be degenerating structures, as shown by the absence 
of enamel. It is interesting in this connection to observe that 
a large toothless Sirenian, Rhytina, inhabited the coasts pf the 
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Behring Sea until 1768, when it became extinct, having been 
exterminated for the sake of its flesh. The horny plates present 
in Manatees and Dugongs were here of greater, extent, tOi«,Qom> 
pensate for the complete absence of teeth. 



GNAWING MAMMALS (Rodent.s) 

Rodents include a vast number of widely -distributed small 
animals, of which the great majority feed entirely on vegetable food. 
A Rabbit {Le/us atniculus) or Hare (Z. Hmidtts) (fig. 422), illus- 
trates very well the adaptations to a vegetable diet exhibited by 
the members of the order. Comparatively few teeth (twenty- 
eight) are present, the limited number being accounted for by the 
entire absence of canines and reduction of incisors. All the teeth 
grow continuously throughout life, in correspondence with which 
peculiarity they do not narrow into “ fangs ” within the substance 
of the jaws, but are of uniform thickness throughout Two long 
chisel-edged incisors are present in the front of each jaw, and it 
is these which constitute the gnawing structures characteristic 
of the entire order. We have seen how the complex grinding- 
teeth of Ruminants, &c., are kept rough by being made up of 
materi^s-of different degrees of hardness; this is a case where 
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a sharp edge is maintained by similar means, for the front side 
of each incisor is covered with a thick coat of hard enamel, at 
the^ack of which comes a softer mass of dentine. Hence the 
(effect of wear is to pnxluce and maintain a bevelled or chisel- 
like edge. As these teeth are continually growing it is necessary 
that they should be kept worn down by consbint use, and should 
a rodent be so unfortunate as to lose one of its front teeth, its 


r 



l-hil ' : 

Fig 4aa.— Hares hmidm) 


fellow will have nothing to do to wear it down, and, continuing 
to grow, will first prove a hindrance to fcetling, and then stop 
it altogether, sometimes even piercing the skull of its owner. 
The same thing hap]x:ns (fig. 423) if thc.se teeth are mi.splaccd. 
In Rabbits, Hares, and their immediate allies, but not in re- 
maining Rodents, two very small reduced incisors are present 
behind the large ones, but it is doubtful if these are of much 
use, and they may be looked upon as structures which are on 
the downward path of degeneration. The Rabbit's cheek-teeth 
are prismatic in form, and their broad grinding crowns are 
crossed by enamel ridges which, as in many other cases, slant 
differently above and below, so that when the upper and lower 
teeth are brought together the opposed ridges cross one another. 
A further adaptation to the plant-eating habit is found , in the 
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shape of the projections (condyles) by which the lower jaw is * 
united to the skull. These are elongated from before back- 
wards, which permits of a movement in the same direction«>(fiee 
vol. i, p. 28). We may further note the great length of thdS, 
digestive tube, fifteen or sixteen times that of the body, and further, * 
though the stomach is simple, there is a very large and complex 
ctecum at the beginning of the large intestine. The salivaty glands 



Fig. 493.— Abnormal Skull of Hare {Lepus (tmidMs) 


are extremely well developed, the secretion of these acting upon 
the abundant starch present in the food. 

Dormice and Squirrel.s. — The structure of the Rodentia 
is on the -whole so uniform that it would be tedious to review 
them in detail, and it will perhaps be enough to indicate a few 
points of special interest. We may, for example, note that 
while hares and rabbits feed on the surface of the ground. 
Dormice (Alyoxida) and many Squirrels (Sciurido’) are of 
arboreal habit, this being, as we have seen in many other cases, 
a favourite device for extending the range of feeding operations. 
It may, indeed, be taken as a general principle, that where food 
is to be found there will also be found animals provided with 
special means of getting at it In these climbing forms, too, 
the fotss-paws are used for holding the food, despite the fact 
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* that the thumb is much reduced in size. The cheek-teeth are 
possessed of roots, and though both s(]uirre]s and dormice are 
ma|^}y vegetarian, they also raid birds'-nests for the sake of the 

."tfggs and young. 

* Beavers {Casiorida) deserve mention as regards their food, 
which consists of roots, bark, and young wood. They can even 
cut down trees by means of their immensely strong incisors, 
and do a great deal of damage in this way. Their cheek-teeth 
are more complex than in the forms so far mentioned, being 
better provided with enamel folds. 

True Rats and Mk'e {Muridie) are omnivorous in habit, but 
many of their immediate allies are herbivorous. This is the 
case, for example, with the mouse-like F'ield-Voles {^Irvicoia), 
which sometimes play havoc with growing crops, even destroy- 
ing their roots by burrowing, — iis also with the larger Hamsters 
{Sricclns) and Lemmings (Afyodes). I lamstcrs are among those 
rodents possessed of chcek-qonches, serving for temporary storage 
of food, and in this case particularly large. 

A very interesting family is that of the Mole-Rats (Spala- 
cida), of which a typical representative is the Circat Mole-Rat 



Fig. 4a4.»l'he Common European Mole-Rat {S/aioA iyfiMus) 


{ISpalax typhlus) (hg. 424) of South-east Europe, South-west Asia, 
and Egypt It has elsewhere been pointed out that adaptation to 
a particular mode of life results in corresponding specialisation 
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in shape and structure. Thus, in Mammals, thoroug^h-going 
underground forms present more or less the features which are 
familiarly embodied in the common mole. The body is'«com- 
pact, the neck ill-marked, the tail reduced, and the limbs short- 
and strong. And further, the eyes and external ears are the 
reverse of prominent, while the fur is short, thick, and velvety, 
affording little resistance to the passage of the animal along its 
burrow whether it moves forwards or backwards. All these 
characters arc presented by the Great Mole-Rat, and the much- 
reduced eyes are in this case actually covered by a layer of skin. 
The food* consists of roots, bulbs, and the like. 

I’oKcupiNES {Hystricoinorphd) are mostly thick-set forms, dis- 
tinguished by the development of a more or less complete array 
of defensive quills, and with their check-tceth presenting grinding 
crowns marked by folds of enamel. The species belonging to 
the (Jld World live upon the ground, while those of the New 
World are arboreal, and those of .South America have prehensile 
tails. 

Among the Cavy or Guinea-Pig Family {Caviidtc), all con- 
fined to South America, the Capybara {IlydrocUerrus capybara) 
may be mentioned as a very interesting type. It is the largest 
living rodent, reaching the size of a small pig, and is of aquatic 
habit, ixs might be suspected from the presence of short Wfbs 
between the toes of both fore- and hind-feet. But its most 
interesting peculiarity is found in the structure of the cheek-teeth, 
which have grinding crowns of far more complex nature than 
those of other rodents, this being especially well-marked in the 
case of the last members of the scries, which resemble on a small 
scale the grinders of an elephant. 

EDENTATES (Edentata) 

Among the archaic order of Edentates the Sloths of the 
South American forests are purely herbivorous, feeding upon 
the leaves, shoots, and fruits of the trees among which they live, 
suspended upside down by means of long curved claws. Their 
dull colour renders them inconspicuous, and the resemblance to ' 
surroundings is increased by the presence of a minute alga which 
grows on the stiff hairs, and imparts a greenish hue. The neck 
is very flexible, especially in the Three-toed Sloth (Bradypnis) 
(fig. 425), which possesses nine neck -vertebrae as against the 




Fig. 425.— Three-toed Sloth {Bradypn^ Mdnrtvlus) 


of which five are present on each side above and four on each 
side below, are all or mostly of the nature of blunt-crowned 
grinders, consisting of dentine covered by a thick coating of 
enamel. The qualification as to form is rendered necessary by 
the fact that in the Two-toed Sloth {Ckolapus) the first cheek- 
tooth on either side of each jaw is tusk-shaped. The tepth so 
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specialized work against one another like scissors, and are kept 
sharp by mutual wear. A further adaptation to plant- food is 
found in the complex nature of the stomach, which recalls wh^t 
has been described for other cases. 

POUCHED MAMMALS (Marsupials) 

Marsupials, as represented by the forms living in the Aus- 
tralian region, to which the large majority of existing species 
are confined, have already been instanced as an interesting order 



Fig 436.— The Koala ( Phascolarefos < inerens) 


which, in the absence of competing mammals of higher structure, 
have become specialized in various directions so as to fit them 
for food of all kind.s, some species playing the part of carnivores, 
others of insectivores, and so on. A similar wide range of 
adaptations is found among the plant-eating forms of this order, 
and these may conveniently be de.scribed as making up three 
sections, including respectively fruit-eating, herbivorous, and root- 
eating marsupials. 

Fruit-eating Marsupials include the Phalangers {Pkaiangis- 
tidee), olimbing forms known as “opossums” to the colonists, 
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though quite distinct from the true Opossums of America. There 
are numerous species, some small, others moderately large, with 
tl^k soft fur, and in most cases a bushy tail, which may give a 
atjuirrel-like appearance to those of lesser size. Both fore- and 
hifid-pavos are adapted to climbing, the thumb or great toe, as 
the case may be, possessing the power of opposing itself to the 
other digits. In some 
ca.scs the long tail is 
grasping or prehensile 
and of material aid 
in progression among 
trees. The cheek-teeth 
are grinders with broad- 
ridged crowns, and the 
canines are not usually 
ppominent A some- 
what abernint member 
of the group is the Koala 
if^hascolarctos) (fig.426), 
a clumsy-looking tailless 
form, -the appeamnee of 
which has earned for it 
tl*e name of "native 
bear ”. The fore-paws 
are here specialized as 
grasping organs by an 
arrangement which has 
been compared to that 
found among Chame- 
leons (see p. 74). The 
thumb and first finger 
are bound up together by skin, and arc jointly opposable to the 
other digits. The middle incisors above and below re.semble tho.se 
of rodents, and are much larger than the rest of the front teeth, 
and, among the cheek-teeth, the hinder scries or molars posse.ss 
broad crowns studded with blunt tubercles. 

One of the most interesting members of this family is the 
Long-snouted Phalanger (Tarsipes rostratus) (fig. 427) of Western 
Australia, a diminutive tree -inhabiting creature which feeds at 
night It looks something like a mouse with a long nos^ and 
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possesses a long prehensile tail. The food is said to consist 
mainly of nectar, and this is e.xtracted from the recesses of flowers 
by means of a long, slender tongue, which can be protruded fi^m 
the unusually small mouth for a considerable distance. Ah 
adaptation of this kind could only have arisen in a country like 
Australia, where numerous plants possessing nectar - yielding 
flowers are to be found blos.soming at all seasons. It is extremely 
probable that the minute insects which are often found lurking 
in or near the nectar-producing parts of flowers also constitute a 
part of this animal’s food. 

The ll ERBivoKous Marsupiai.s embrace the Kangaroos [Mac- 
ropodidtc), which presen.* a considerable range in size, structure, 
and habit. One common feature is the greater development of 
the hind-limbs, which, together with the strong tail, are used to 
support the body as a camera is supported by its tripod, and in 
this way the strongly-clawed five-fingered fore-limbs are liberated 
for use as hands, acting as very efficient prehensile organs. 
Three pairs of cutting incisors are imbedded in the front of the 
upper jaw, and opposed to these below is a single pair of rela- 
tively huge front teeth growing straight forwards. Canines are 
absent or only feebly represented by a small upper pair, and 
there are in all twenty cheek-teeth, in the form of grinders with 
crowns adapted for crushing. The stomach is folded in a cofh- 
plex way, as often happens in plant-eating mammals. A series 
showing increasing specialization as regards teeth, and dispro- 
portion between fore- and hind-limbs, is presented by the Tree- 
Kangaroos, Rat - Kangaroos, Rock - Kangaroos, and the forms 
with which the name of the group is most commonly associated. 
Tree- Kangaroos {Dendrolagns') are small arboreal species inhabit- 
ing New Guinea, and at first sight are so little specialized that 
an ordinary observer would scarcely think their name justifiable. 
The remaining members of the series are characteristic of the 
Australian continent, and do not climb trees, though the Rock- 
Kangaroo is an expert climber among rocks. Rat- Kangaroos 
{Hypsiprymnus) are small springing forms living mostly on grass- 
land, and sometimes burrowing to obtain the succulent underground 
parts of certain plants. Rock -Kangaroos {Petrogale) look like 
small kangaroos of the ordinary sort, these latter including the 
larger fprms {Macropus), which are the most specialized members 
of thtf group, and are commonly seen in captivity in the Zoo. 
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Root-eating Marsupials include the clumsy-Iooking Wombats 
{Pkascolomyuia) of Australia and Tasmania, which possess short, 
stout limbs provided with sharp, strong claws well suited for 
burrowing. Plantigrade as to the hind-limbs, and badly off in 
the matter of tail, they irresistibly suggest small bears in their 





Fig. 438 —The Wombat \Phascolomyt wombat) 

appearance (fig. 428). Their food embraces roots as well as 
grass and the like, and they are nocturnal in habit, remaining 
during the day either in dark corners or in burrows they have 
made. The teeth of a wombat present interesting analogies 
to those of rodents, no doubt as the result of adaptation to 
gnawing habits. All of them grow continuously throughout life 
so as to compensate for wear. Of incisors but four are present, 
shaped like those of a rabbit, and kept bevelled to a chisel-edge 
owing to the fact that they are only covered by hard enamel in 
front, which wears much more slowly than the softer dentine 
behind it Canines are entirely absent, and the remainder of the 
dentition is made up of twenty cheek-teeth^ five on each side of 
either jaw 
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THE FOOD OF ANIMALS— PLANT-EATING BIRDS, 
REPTILES, AMPHIBIANS, AND FISHES 


BIRDS 


The cHjjestive orjjans of the Pi\ifcon {Columba lwia\ a typical 
vegetarian bird, have already been described in detail (vol. i, 

pp. 1 39-1 52), so that it is only 
necessary here to recapitulate 
some of the leading features. 
The pointed conical beak .serves 
for prehension, and the absence 
of teeth is made up for by con- 
version of part of the stomach 
into a muscular gizzard (fig. 
429) with a. horny lining, thg 
masticatory action being en- 
hanced by small stones swal- 
lowed from time to time. The 
lower part of the gullet is dilated 
into a capacious crop, which 
serves for the temjwrary stor- 
age of food. It may further 
be noted that in accordance 
with the nature of the food the 
digestive tract is of consider- 
able length. 

A vast number of birds feed 
largely or mainly upon vege- 
table matter, but the speciali- 
zations involved are often so 
slight that it would not be worth while to make an attempt to 
trace them, and the limited space available will therefore be 
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Fig. 499.->Stoiiiach of a Crane (cut open) 

a, Lower end of gullet: chemical stomach ;proventriru- 
his) : </| opening from girrard to small intestine , t, gizzard 
ft beginning of small intestine. 
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devoted to the description of a few of the more striking adapta- 
tions to special habits. 

PIGEONS (COLUMBIDiE) 

The large and widely distributed family of Pigeons (Columbidd) 
includes birds which are exceedingly voracious, and as, too, their 
food is bulky and difhcult of digestion, it is not surprising to find 
that the crop is large and the ghsard powerful. A considerable 
number of species are collectively known as Ground- Pigeons, 
owing to their feeding habits. A typical example is the well- 
known Turtle-Dove {^Tiirtiir communis), which ma); frequently 
be seen levying toll upon such crops as yield grain or seeds. 
Here also may be mentioned the largest inemlx?rs of the family, 
the Crowned- Pigeons (see vol. i, p. 167) of the Australian region, 
described by Semon (in In the Ausiralian Jinsli) in the following 
language: — “In New Guinea and the neighbouring districts we 
not only find the most brilliant, but also the largest and most 
peculiar of all pigeons, the Crown or Goura Pigeons, which attain 
the size of a goose, and are crowned by a fan-like erectile diadem. 
The handsomest head-gear of this sort is to be found in the 
great species Megapelia {Gourd) Victorue, whose prettily-fringed 
feathery diadem is the loveliest head-gear ever worn by a bird, 
^'hese crested pigeons are common in New Guine^i. During 
daytime they are generally seen moving about the ground, where 
they feed on fruit dropped from the trees.” 

Those Pigeons which haunt wooded country are known 
broadly as Tree -Pigeons, and these may cither feed mostly on 
seeds and grain, as in the case of the Wood-Pigeon (Columba 
pa/umba) and Stock- Dove (C anas) of Hritain, or fruit may be 
the most important article of diet. Among the latter are those 
forms to which the name of “ fruit-pigeon ” in the limited sense 
is commonly applied. In many hot and tropical countries inex- 
haustible supplies of suitable food are to be found on many of the 
trees. Speaking of a Sumatran village, P'orbes (in A Naturalists 
Wanderings in the Eastern Archipelago) says: — “In its near 
vicinity grew one of the grandest Urostigtna trees I have ever 
seen; its broad buttresses and sturdy supporters, among which a 
wanderer might almost lose himself looking like the pillars of 
some ancient Moorish temple. It was thick in fruit, and har- 
boured legions of skipping squirrels, great apes, and troops of 
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monkeys, which, to the eye surveying them from below, looked 
like pigmies flitting about among its branches. Immense flocks 
of the large fruit -pigeons, and of the smaller members of that 
numerous and beautiful family, crowded to this rendezvous, thefr 
wings keeping up a constant whirring in the air by their coming 
and going; scores of the Great Horn bill {Buceros gflleahis), with 
their 5 -foot expinse of wing; and myrhids of smaller birds, 
whose varied calls and notes alone indicated their presence, 
flocked from far and near to this inexhaustible storehouse (and 
its produce ccjuld not be less than tens of thousands of bushels 
of figs), anti yet the vast .'isseniblage but sparsely populated this 
single magnificent specimen of the vegetable kingdom.” Some 
of the large fruit-eating Pigeons are able to lx)lt fruits of con- 
siderable size, and to this end their long beaks are capable of 
great distension at the base. This is the case, for example, with 
the Nutmeg- Pigeons of South-east Asia, which swallow nutmegs 
whole, rejecting them again after the mace with which they arc 
invested has been utilized. 

TOUCANS (RHAMPiiASTiPyH) 

An interesting adaptation to fruit -eating is found in the 
gaudily-coloured Toucans of South America, which possess im- 
mense beaks flattened from side to side. The use of this remark* 
able arrangement is suggested by Bates (in The Naturalist on the 
Amazons) in the following passage: — “ Flowers and fruit on the 
crowns of the large trees of South American forests grow prin- 
cipally towards the end of slender twigs, which will not bear any 
considerable weight; all animals, therefore, which feed upon fruit, 
or on insects conuiined in flowers, must of course have some 
means of reaching the ends of the stalks from a distance. . . . 
The purpose of the enormous bill here becomes evident It is 
to enable the Toucan to reach and devour fruit while remaining 
seated, and thus to counterbalance the disadvantage" which its 
heavy body and gluttonous appetite would otherwise give it in 
the competition with allied groups of birds. The relation be- 
tween the extraordinarily lengthened bill of the Toucan and its 
mode of devouring food is therefore precisely similar to that 
between the long neck and lips of the Giraffe and the mode of 
browsing of the animal. The bill of the Toucan can scarcely 
be considered a very perfectly-formed instrument for the end to 



ARGENTINE TOUCANS {Rhamphastus toco) 

^ The bnlliantly coloured 'I'oucans, of which one of the largest 
s))ecies (two feet in length) is figured, inhabit th(> dense forests of 
tropical America. They are gregarious in habit, .ind feed chiefly, 
though not entirely, on fruits and seeds. 'I'he short strong legs, 
with two toes directed forwards and two iMckwards (as iti the 
closely allied woodpeckers), arc well adapted to the jierching habit. 
A much more remarkable feature is the huge laterally flattened 
beak, which enables these birds to reach their food with the 
minimum of exertion. That of the Argentine Tout an has been 
* compared m shape and colour to the claw of a lobster. .Mthough 
' so large the beak is far from heav)', and does not hamper the flight, 
which is much more easy and rapid than might be anticipated. 







ARGENTINE TOUCANS (rhamphasius toco) 
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(i^hich it is applied, as here explained; but nature appears not 
to invent organs at once for the functions to which they are now 
adapted, but avails herself, here of one already-existing structure 
or instinct, there of another, according as they are handy when 
need for their further modification arises.” 

CROWS (CORVIDA?) 

The mere shape of a bird’s beak is often a very imperfect 
indication of the nature of the food. Thus we have seen (p. 58) 
that in the Woodpeckers this organ is of powerful character, and 
shaped like a long straight cone, enabling the bird to tleave bark 
and wood in its search for insects. A very similar beak is found 
in the crow-like Nutcrackers {Nucifragii), but in this case it is 
used for breaking open hazel-nuts. I'he familiar British Nuthatch 
(JSitta ceesia), though insectivorous in summer, lives on nuts to a 
large extent in the winter, ojiening them by means of its strong 
pointed beak, as in the preceding case. In summer the beak is 
used in the same way and for the same purpose as that of a 
woodpecker. 

FINCHES (Fringillid.e) 

The small birds known as Finches feed mostly upon seeds and 
%mall fruits, and they possess short conical beaks of great strength, 
well suited to this kind of diet Common British examples are 
the Greenfinch {Ligunnus chloris). Chaffinch {Fringilla coelebs). 
Linnet {Linaria cannabiaa), House-Sparrow (Passer elo 7 nesiicus), 
and Tree- .Sparrow (/■*. tnotiiattus). It must not be supposed, 
however, that birds of the Finch kind are exclusively vegetarian 
in habit, and it is interesting that the food may differ at different 
ages. It is, for example, well known that house-sparrows feed 
their young upon caterpillars and other insect larvae, which are 
no doubt better suited to the youthful digestion than seeds or 
fruit. The Crossbills are interesting members of the Finch 
family which possess the unique peculiarity of having the two 
halves of the beak crossed over each other, as seen, for example, 
in the British species (Loxia curvirostra) (fig. 430), found in 
northern Scotland. These birds live in forests of pine or fir, 
and their curious beaks are admirably suited for the extraction 
of the seeds which are hidden between the woody scales of cones. 
This happens to be a good illustration of the biological t(uth that 
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highly specialized organs have been evolved from simpler struc- 
tures, for nestling Crossbills still possess symmetrical beaks like 



Fig 430 “The CruSbbill J^oxia curtu rostra) 


those of other birds, reminiscent, no doubt, of the ancestral con- 
dition. 

OIL-BIRDS (STKATORNITItlD^i) 

• 

We are apt to associate a markedly hooked beak with rapa-’ 
cious habits, but notable e.xceptions to the rule are afforded by 
Oil- Birds and Parrots. The Oil- Bird or Guacharo (Sleatomis 
Caripensis) inhabits caves in the northern parts of South America, 
and possesses a strong hooked beak, mainly used, however, for 
securing the fruits of the nectandra-tree. This is another case 
of adaptation in a South American animal (see p. 86) for seizing 
berries or other fruit growing on the end of slender stalks in- 
capable of supporting any considerable weight, and the Oil- Bird, 
which is about the size of a crow, feeds on these particular fruits 
when it is on the wing. 

PARROTS (PsiTTACi) 

The large and interesting group of Parrots presents many 
interesting adaptations to the nature of the food, which chiedy 
consists of fruits, seeds, and other parts of plants. The shape 
of the curious hooked beak is familiar to everybody, but all may 
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not have noticed its chief peculiarity, which consists in the power 
of freely moving the upper half as well as the lower, an obviously 
useful an^gement Even more useful is the power of holding 
the food in one of the climbing feet, while the bird stands upon 
the other. Parrots are social in habit as a general rule, and feed 
in flocks or companies. An example of this is the nocturnal 
flightless Owl - Parrot (Stringops kabroptilus) of New Zealand, 
which comes out of its 
hiding-place at night to 
f^ed upon the ground, 
making with itscompcinions 
broad tracks upon the 
vegetation a foot or more 
wide. Some members of 
the group dig for their 
food, of which a good in- 
stance is the Slight-billed 
Parraquet {Hemicognathus 
leptorhynchns) of Chili, the 
long and slender up|)er 
mandible of which is well 
suited for attacking grass- 
roots, as well as for extract- 
ing grain from the husk. 

But the most remarkable 
Ccuse of specialization is 
that of the Great Black 
Cockatoo {Microg/osstts aterrimus) (fig. 431) of North Aus- 
tralia and the New Guinea i.slancls, a bird of the size of 
a large crow, with an enormous beak, but a small worm -like 
tongue with a horny tip. Semon (in In the Australian Bush) 
alludes to this species as “one of the largest parrots existing, 
and furnished with a bigger and stronger beak than any other. 
This beak enables the bird to open even the strong fruits of the 
kanary-tree. It serves it as saw and borer, and in the place of 
cutting nippers, while its tongue, which is horny at the end, is 
useful in removing the kernels or the flesh from the tapped or 
broken-up fruit.” The use of the beak was worked out in detail 
by Wallace, who describes it (in The Malay Archipelago) as fol- 
lows: — “The great black cockatoo frequents the lower garts of 
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the forest, and is seen singly, or at most two or three together. 
It flies slowly and noiselessly and may be killed by a compara- 
tively slight wound. It cats various fruits and ^eds, but seems 
more particularly attached to the kernel of the kanary-nut, which 
grows on a lofty forest-tree {Canarimn cotnnmne) abundant in the 
islands where this bird is found; and the manner in which it gets 
at these seeds shows a correlation of structure and habits which 
would point out the kanary as its special food. The shell of this 
nut is so excessively hard that only a heavy hammer will crack it'; 
it is somewhat triangular, and the outside is quite smooth. The 
manner in which the bird opens the.se nuts is very curious. Taking 
one endways in its bill, and keeping it firm by a pressure of the 
tongue, it cuts a transverse notch by a lateral sawing motion of 



Fig 432. -The Kea Panot > Nesfor notabitn) 


the sharp-edged lower mandible. This done, it takes hold of the 
nut with its foot, and, biting off a piece of leaf, retains it in the 
deep notch of the upper mandible, and again seizing the nut, which 
is prevented from slipping by the elastic tissue of the leaf, fixes 
the edge of the lower mandible in the notch, and by a powerful 
nip breaks off a piece of the shell. Again taking the nut in its 
claws, it inserts the very long and sharp point of the bill and picks 
out thQ kernel, which is seized hold of, morsel by morsel, by the 
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extensile tongue. Thus every detail in form and structure in the 
extraordinary bill of this bird seems to have its use, and we may 
easily conceive ^hat the black cockatoos have maintained them- 
selves in competition with their more active and more numerous 
white allies by their power of existing on a kind of food which no 
other bird is able to extract from its stony shell.” 

Birds accredited with the habit of feeding on honey are pro- 
bably in most cases, e.g. in Honey-Guides ijndicatoridte) (p. 63) 
and Humming-Birds {Troc/ii/ida), attracted by the minute insects 
often associated with necuir; but there are certain cases where 
the honey itself is undoubtedly the main object for which flowers 
are visited. A good example of this is offered by some of the 
parrots, in which the tongue is frayed out into a sort of brush, 
eminently suited for licking up honey. Among these are the Kea 
(fig. 432) and Ka-ka parrots of Now Zealand {Nestor votabi/is 
and N. tncridiona/is), and the Lories and Loriquets of the Aus- 
tralian region. Among the latter is the Blue-mountain Parrot 
( Trichoglossits clilorolepidotus) of Australia, which has been watched 
sucking the honey from the flow(;rs of eucalyptus. 

RIIPTILES 

• Rkptilks are for the most part carnivorous in habit, Croco- 
dilians and Snakes being exclusively so, but there are some few 
Chelonians and Lizards which subsist u{K)n vegetable food. In 
the former group it is clear that the firm horny .sheaths with 
which the toothless jaws are enca.sed arc as well suited for 
dividing plants as the beaks of vegetarian birds. The marine 
turtles arc nearly all predaceous, but the famous Green Turtle 
{CJiclone midas) (see vol. i, p. 219) of aldermannic reputation 
feeds upon brown sea-weeds, grazing upon such of these as are 
completely submerged. The beak does not possess the sharply- 
hooked tip characteristic of many of its carnivorous allies, such, 
for example, as the Hawk’s-bill Turtle {C. iwbricaia), which 
derives its name from the circumstance (see fig. 58). 

All terrestrial tortoises, including some two-score .species of 
the genus Testudo, are vegetarians, as, for example, the well- 
known Grecian Tortoise {Testudo Greecd) (.see vol. i, p. 213), so 
commonly seen in captivity. Here, too, are included those Giant 
Tortoises which either now exist, or within historic timq^ have 
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existed, upon islands of the Indian Ocean and East Pacific. 
Reg;irding the food of those found in the Galapagos Islands, 
Darwin (in A Naturalist's V<^age) speaks as <follows: — “The 
tortoises which live on those islands where there is no water, 
or in the lower and arid parts of the others, feed chiefly on the 
succulent cactus. Those which frequent the higher and damp 
regions eat the leaves of various trees, a kind of berry, which is 
acid and austere, and likewise a pale -green filamentous lichen, 
that hangs in tresses from the boughs of the trees.” 

Among the few Lizards which live upon plant food are the 
true Iguanas and two interesting species from the Galapagos 
Islands. The Common Iguana (/guana tu^crculata) of tropical 
America is a large lizard of arboretd habit, which lives chiefly 
upon leaves and fruit. The front teeth are simply conical, but 
the crowns of the others are flattened from side to side, and have 
saw-like edges. The upper and lower teeth work against one 
another in such a way as to effectively masticate the food. A 
West Indian ally of this form is depicted in fig. 433. 

The two plant-eating lizards of the Galapagos Islands are 
both of large size, and all their teeth are laterally flattened, 
while each is provided with three little projections from the 
crown. Though simjjler in nature than the serrated teeth of the 
Iguanas, they work against one another in much the same way 
and for a similar object. Of these two lizards one is the only 
marine representative of its order and is appropriately called the 
Sea- Lizard (Amblyrhynchus cristatus). It is able to remain for 
a considerable time under water, and numbers of these lizards 
browse in company upon submerged sea- weeds. The Galapagos 
Land- Lizard (Conolophus suberistatus) is a burrowing form, and 
lives upon cactus- branches and the leaves of acacias and other 
trees. 

AMPHIBIANS 

An example has already been given (p. 187) of birds which 
when still in the nest are fed on animal food, becoming plant- 
eaters when adult Amphibians illustrate the converse of this, 
for while the adults are invariably carnivorous, the larvae or 
“ tadpoles " (fig. 434) are herbivorous. The common Frog 
(Rana temporarid) will serve as an example, and in this creature 
we fin4 the jaws of the tadpole provided with firm horny beak.s. 
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by means of which it can browse upon delicate aigse, which are 
found floating in slimy green masses in its native pond or ditch. 
Later on, these beaks are cast off, and at the same time the 

little pointed teeth characteristic of the adult frog are developed. 
VOL. n. \b 


F'K 433*— West Indian Ring'tailed Iguana (Qv/nm carmaia), about X natural aiae 
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It has already beeh pointed out (p. 7) as a rule of general 
application that the digestive tract is relatively longer in creatures 
which live on vegetable food than in those \»jhich subsist on 



434-— Tadpoles 


animal matter. The Frog is a very interesting application of 
this rule, for we find that in the tadpole the intestine, here coiled 
like a watch-spring, is relatively longer than in the adult animal. 

FISHES 

Lung-Fishes (Dipnoi), Sharks and Rays (Elasmobranchii), 
and the Ganoid group (Sturgeons, &c) of the Teleostome fishes 
are exclusively or mainly carnivorous, and the same is true for t 
most families of the Ordinary Bony-Fishes (Teleostei) which 
constitute the great bulk of the last-named subdivision. A good 
many of the Teleosts, however, are mixed feeders, and a few are 
yegeta^ns pure and simple. Among these last may be mentioned 


PLANT-EATING BIRDS, REPTILES, AMPHIBIANS, FISHES 195 

some of the Sea-Breams {Sparida) and a tew species of Carp 
{Cyprinida). 

Certain Sea-J3reams (species of Haplodactylus), which inhabit 
the cooler parts of the South Pacific, live upon sea-weed, and 
their jaws possess flattened teeth armed with projecting points, 
capable of dealing with this sort of food. 

The Beaked Carps (species of Ckondrostina), that live in 
some of the rivers of Europe and Western Asia, browse upon 
the green thread-like alg:e which grow on stones, and the edge 
of the lower jaw in these fishes is provided with a sharp cutting 
edge, well adapted for mowing down this slippery, vegetable 
growth. 
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The class of Cephalopoda, includinjjf Cuttle-P'ishes and their 
allies, contains no vejjfetarian forms, and since the Tusk-shells 
(Scaphopoda) and bivalve molluscs (Lamcllibranchia) affect a 
mixed diet they will be noticed in a later chapter. The great 
class of Gastropoda, however, including Snails and Slugs in the 
broadest sense of the words, embraces a large number of forms 
which live exclusively upon vegetible food, Periwinkle, Limj)et, 
and Garden-Snail being familiar examples. As previously noted 
(see p. 96) the shells of .such forms are distinguished by the fact 
that their ojiening or mouth heus a continuous outline and is not 



Fig 435 —Single Rows of Teeth from mdulse of Plant-rating Sea-Snails (greatly enbrgcd) 
A. TruLliUb. 11, Periwinkle \Ltttorina) 


interrupted by a notch for the reception of a breathing tube. 
There are also a number of characteristic features about the soft 
ptirts of vegetable-feeding gastropods. The viouth is not placed 
at the end of a proboscis capable of being either protruded or 
drawn back into the body, as is the case in many carnivorous 
species, but either opens directly on the rounded front end of 
the head, or upon a, short blunt snout The rasping organ 
(odontophore) projecting from the floor of the mouth is provided 
with a horny ribbon (radula) that is often of great length, and 
insteiid of being studded by comparatively few and specialized 
teeth (sec p. 96) is provided with a very large number of simple 
bluntish ones (fig. 435). We also find additional hard parts in 
the form of one or more horny jaws projecting from the roof 
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of the mouth. It must, of course, be clearly understood that the 
words “jaws ” and “ teeth ”, as applied to the biting organs of 
snails, only refer to their use, and are not meant to suggest 
equivalence to the similarly-named parts of back-boned animals. 

Limpets. — It would be tedious to describe in detail the feeding 
habits of many plant-eating molluscs, and it will probably be 
sufficient for the present purpose to illustrate the matter by a 



Fig 4 j 6 - A Limpet {.Pattlia vntgata\ Ie.iving its scar at ebb'tide 


few e.xamples. The Common Limpet {Patella vtdgatd) (fig. 436) 
abounds on rocks between tide-miu'ks all round our coasts, living 
on a depressed .spot, or “scar”, worn out in the hard stone, and 
making this the centre of feeding excursions when the tide is 
down, returning to its home when the water begins to flow, and 
fixing itself firmly by means of the large fleshy foot projecting 
from the under side of the body. Numerous limpets are found 
upon rocks closely studded with acorn-barnacles, and at first sight 
free from plants which might serve as food. Closer in.spection, 
however, will show in such a case that rocks, barnacles, and 
even the limpets themselves, are to a large extent closely invested 
by a covering of minute algae. It is very interesting to observe 
these molluscs feeding under such circumstances, a warm still 
day being usually most ^vourable for the purpose. sitting 
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down and listening attentively a curious rasping sound will be 
heard, and a little care will show that this is produced by the 
limpets, some of which will be found to have left their homes, 
crawling slowly about in the search for food. Selecting one of 
these, and watching it closely, we shall soon find that the rasping 
noise is caused by the tooth-studded radula, which is protruded 
from the mouth and brought. to bear with steady strokes upon 
the crust of alga;, cleaning this off as effectively as could be done 
by means of a strip of sand-paper. Meanwhile the limpet crawls 
slowly onwards, moving its snout from side to side, and now and 
then touching the rock with its mobile pointed feelers. Fre- 
quently an individual may be seen to rear itself up against a 
neighbour’s shell, and engage in a bit of friendly house-cleaning. 
Examination of the neighbourhood of a deeply-sunk scar, which 
has been occupied for a long time, clearly reveals the large amount 
of scraping that has been done. As the adjoining supply gets 
low the limpet wanders farther and farther from home, and is 
sometimes found as far as 9 feet from its scar. It is clear that 
such a method of feeding must quickly wear away the rasping 
ribbon, but this rapidly grows forward, like a finger-nail (see 
p. 95), as it is used up, the reserve part of it being situated in a 
long sheath at the back of the thick-walled pharynx within which 
the mouth-cavity is placed. It is particularly interesting to note 
that the reserve portion is of extraordinary length in this case, 
a fact which may perhaps be correlated with unusually rapid 
wear. 

The Limpet’s feeding possibilities have not, however, been 
exhausted in the preceding description. Many individuals live 
in the neighbourhood of the large brown sea-weeds (species of 
Fuats and Ozothallid) known as “ wrack ”, which are common on 
our coasts. These furnish food to a number of sea-snails, the 
Limpet being one of them. The present writer was on one 
occasion fortunate enough to find a limpet actually at work 
upon the edge of a piece of wrack. This was firmly embraced 
by the flexible lip, which entirely surrounds the mouth-opening, 
and held firmly by the strong upper jaw. The radula was then 
brought to bear from below, and by its rasping action a curved 
piece of sea-weed was soon .scraped away, the injured part 
suggesting the appearance of a piece of bread-and-butter after 
some sc]iOol-boy has taken a bite. 
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Following down the tide to extreme low-water mark, we get 
to the Laminaria zone, occupied by broad brown sea-weeds of 
that genus, which are always partly covered by water. These 
frequently exhibit the ravages of molluscs, one of the chief de- 
pre^tors being a small smooth relative of the Limpet {Helcum 
pe/lttcidum), the shell of which is beautifully ornamented by 
radiating blue lines. This little creature lives entirely under 
water, and eats out a home for itself in the sea-weed, sometimes 
in the stem-like part, but most frequently in the attached region, 
which is expanded and fixed to the rock by a number of root-like 
branches. This limpet either wanders at large over, the weed 
or may feed near its home, scraping out roads for itself in the 
neighbourhood of its dwelling. 

Land-Snails and Smr.s (fig. 437). — Among terrestrial forms 
very interesting observations have been made which prove clearly 
that the sense of smell is used in hunting for favourite sorts of food. 
Furtado observed the tactics of <i common Garden Snail {Helix 
aspersa) in the neighbourhoo<l of a young banana plant which 
had been placed in a verandah overlooking a small court. He 
removed the snail, throwing it into the court to a distance of 
several yard.s. Next morning the snail was back again in the 
same place, and was again removed to a similar distance, its 
/urther movements being carefully watched. The following 
morning it was seen on the rail of some steps leading up to 
the verandah, and in the course of the evening resumed its 
march, ultimately reaching once more the desired spot. Cooke 
(in The Cambridge Natural History) cjuotes some interesting 
observations narrated by Moquin-'I'andon in regard to the habits 
of the Black Slug {Ariou atcr) and the (ireat Slug {Limax 
maximus), both which are in the main vegetable feeders. His 
remarks run as follows: — “Anyone can e.\periment for them- 
selves on the olfactory powers of our common snails or slugs. 
Moquin-Tandon records two interesting cases, one communi- 
cated to him by letter, the other occurring to himself. His 
correspondent, a M. Parenteau, was one day wtilking along a 
dusty high-road, when he noticed near the middle of the road 
an empty bean-pod, and two Arions eating it Attributing the 
meeting of feeders and food to mere chance, he was walking 
on, when he noticed a second bean-pod, and, about 2 yards 
away from it, a third Arion hurrying straight towards it. When 
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the Arion had yet more than a yard to traverse M. Parentean 
picked up the bean and put it in his pocket. The Arion 
stopped, raised jts head, and turned in every direction, waving 
its tentacles, but without advancing. M. Parenteau then carried 
the bean to the other side of the road and put it in a small hole 
behind a piece of stone. The Arion, after a moment’s inde- 
cision, started off straight for the l>ean. Again the position 
of the precious morsel was changed, and .again the Arion made 
for it, this time without being further tantalized. M. Moquin- 
Tandon noticed, one rainy day, in the botanical gardens at 
Toulouse, two Limax maximus approaching a rotfen apple 
from different directions. He changed the jwsition of the apple 
several times, placing it at a sufficient distance to be sure that 
they could not see it, but they always hit it off correctly, after 
raising their heads and moving their long tentacles in every 
direction. It then occurred to him to hold the .apple in the air 
some centimetres above the; head of the Lima.x. They per- 
ceived where it wfis, niiscd their heads and lengthened their 
necks, endeavouring to find some solid body on which to climb 
to their food." 



CHAPTER XVIII 


THE FOOD OF ANIMALS— PLANT-EATING INSECTS AND 

MYRIAPODS 


The chormous Phylum of Artiiropoda embraces an extra- 
ordinary variety of species, which play the most diverse parts 
in the economy of nature. It will be convenient, as before, to 
deal first with the Insects and other air-breathing forms and 
then with the Crustacea and their allies. 

INSECTS (Inskcta) 

It has already been explained (see p. 102) that Insects 
possess three pairs of jaws, which are adapted for biting, pierc- 
ing, or sucking, as the case may be, and by means of these 
plant food can be attacked as well as that of animal nature. 
The following nine orders are recognized: — 

A. — Insects with biting mouth-parts (in the adult). 

1. Membrane-winged Insects (Hymenoptera). — Bees, Wasps, Ants, &c. 

2. Beetles (Coleoptcra). 

3. Net-winged Insects (Neuroptera). — Dragon-Flies, May-Flies, &c. 

4. Straight-winged Insects (Orthoptcra). — Cockroaches, Locusts, &c. 

5. W1NCLE.SS Insects (Aptera). — In some of these the mouth may be 

imperfectly suctorial. 

B. Mouth more or less perfectly suctorial (in the adult). 

6 . Scale-winged Insects (Lepidoptera). — Moths and Butterflies, 
y. Flies (Diptera). 

k P'ringe-winged Insects (Thysanoptera). — Com-Thrips, && 

9. Bugs (Hemiptera). 

MEMBRANE-WINGED INSECTS (Hymenoptera) 

Saw-FlIes. — The first insects to be here considered are Saw- 
Flies and their allies, distinguished by the absence of the “ waist ** 
so ch^cteristic of wasps and the other members of the order. 
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» One of the most striking of these is the Giant Wood-Wasp {Sirex 
(s®® vol. i, p. 371), sometimes seen in this country, but 
much more abundant on the Continent It is of large size, some- 
what wasp-like in appearance as the common name implies, and 
in the adult condition lives chiefly on honey, like most of its kind. 
The female is distinguished by the possession of a long, straight 
boring apparatus (ovipositor) projecting from the abdomen, and 
often mistaken for a sting. This consists of two sheath-like 
pieces enclosing the borer proper, made up of an upper gouge- 
shaped piece and two Arm boring rods, the ends of which are 
beset with saw-like teeth. Besides these parts there, is also a 
strong spine projecting backwards from the tip of the body over 
the structures just described. By means of this complicated piece 
of apparatus the Saw-h'ly bores a hole through the bark of a felled 
or sickly fir, and lays a number of eggs in the hole so made. The 
larvae which hatch out from the eggs resemble maggots in appear- 
ance, and subsist upon the wood, in which they excavate galleries 
by means of their powerful jaws, and after a variously-estimated 
time, probably not far short of two years, pass into the quiescent 
or pupa stage. This develops into the perfect insect, which bores 
its way out directly to the exterior, near the place where the larva 
entered into the pupa condition. In some species of Sirex, how- 
ever, the quiescent stage is assumed when the larva is a con- 
siderable distance from the surface of the trunk, so that the in.sect, 
when mature, has to gnaw through a considerable thickness of 
wood, and cases are recorded where pieces of wood containing 
pupre have been covered with sheet-lead, and yet even this has 
not proved hard enough to prevent the prisoners from escaping. 
An amusing instance of late escape is mentioned in the following 
quotation from Sharp (in The Cambridge Natural History )'. — 
"After becoming full fed, the insect may still pass a prolonged 
period in the wood before emerging as a perfect insect. As a 
result of this it not infrequently happens that the insect emerges 
from wood that has been carried from a distance, and used for 
buildings or for furniture. A case is recorded in which large 
numbers of a species of Sirex emerged in a house in this country 
some years after it was built, to the great terror of the inhabitants. 
The wood in this case was supposed to have been brought from 
Canada’* 

Saw-Flies proper include many species well known to culti- 
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vators from the ravages committed by their larvae on the leaves 
of various plants. One of the commonest of these is the Turnip 
Saw-Fly {Atkalia spinaruni) (see vol. i, p. 3^1), which often 
inflicts serious damage upon the leaves of the crop after which 
it is named. The females of this and other species are provided 
with a complex ovipositor placed near the hind end of the body, 
and constructed on somewhat the same lines as the corresponding 
organ of the Giant Wood-Wcisj) described above. It consists (fig. 
438) of two elegantly-curved saws, each of which can be worked 

backwards and forwards along a groove 
in a directing piece, and when not in 
use is protected by a sheath. The saws 
have elaborately -toothed edges, and 
their outer surfaces are ribbed so as to 
confer a power of rasping. When in 
use they are protruded from their sheaths 

rig 4JII — miuier eiia 01 a oaw-riy ' i 

(ureatiy cniatgcd) i Ar. iiitwUnai aper- and worked alternately, so as to make 

an incision, within which an egg is then 
deposited. The larvie which i.ssue from these eggs somewhat 
resemble the caterpillars characteristic of moths and butterflies, but 
differ in certain particulars, as, for example, the presence of more 




numerous pro-legs than in 
caterpillars properly so called. 

The remaining s|.)ecies of 
the Hymenoptera are char- 
acterized by the possession of 
a “waist”, and they include 
many plant-feeding insects, 
such as most gall-flies, all 
bees, and certain sorts of 
wasps and ants. 

Gall-Fliks are small or 
very small insects which are 
mostly responsible for those 
curious excrescences upon 
plants to which the term 
“ gall ” is popularly applied. 


Oaks are especially prolific in these structures, and the tufted red 


swellings common upon roses, and known as bedeguars, furnish a 
familiar’ example of them. The Rose Gall-Fly {Rkodites rosa) (fig. 
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439) leads to the production of the latter. The minute female 
insect is provided with a long and slender ovipositor, which is for 
the most part dn^vn back into the body when not in use, and which 
is made up of parts corresponding in origin, though not in shape, 
to those constituting the similar organs of saw-flies. The bedeguar 
results from the abnonnal growth of a leaf-bud, in which three 
successive leaves have been perforated in spring by a rose gall-fly. 
It would appear that the young, actively-dividing vegetable tissue 
is stimulated to excessive and peculiar growth by the development 
of the eggs, though the exact nature of the process still requires 
to be worked out. , 

Among Ukks the most familiar form is, of course, the highly- 
specialized Honey-Bee (.-//A mellijicd), which, as nearly everyone 
knows, lives in communities consisting of a queen, workers (un- 
developed females), and males or xlrones. 'I'he food of the 
cemmunity is entirely derived from flowers, and consists of the 
fertilizing yellow dust called pollen, and of the sweet nectar 
secreted deep within the reccs.ses of flowers, often being con- 
tained in sjKjcialized tubes (“spurs"), of which typical forms arc 
to be seen in pansy, columbine, and monkshood. The first joints 
of the hind-feet in the worker are broadened out and provided on 
their inner surfaces with regular transverse rows of hairs, suggest- 
i*g in appearance the teeth of a comb. This is for the pur|X)se 
of carrying pollen to the hive. Specialization of a much more 
remarkable character, however, is found in the parts of the mouth, 
fitting them to obtain nectar without destroying their usefulness as 
biting organs. It has elsewhere been explained (p. 102) that an 
insect possesses an upper lip (labrum) and three pairs of limbs, 
modified to serve as jaws, some insects of primitive nature, such 
as the Cockroach (see vol. i, p. 345), presenting a very unspccial- 
ized form of this arrangement. In the worker-bee we find that 
there is nothing remarkable about the labrum and first pair of 
jaws (mandibles), the latter being efficient biting structures. The 
other two pairs of jaws (first and second maxillse), however, are 
modified into a long proboscis (see vol. i, p. 370), which, when 
not in use, is folded up on the under side of the body. This con- 
sists of an outer sheath formed by the first maxillae, and a central 
nectar-conducting piece formed by fusion of the second maxillae 
and a slender hairy piece (ligula) which extends far beyond them. 
This central piece is grooved on its under surface, and ends in a 
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sort of lappet. Whether the ligula, often called the tongue, is 
really part of the second maxillae or a special structure is not 
definitely known. When in use the proboscis .is extended, and 
then thrust into the nectar -containing organ, the sweet fluid 
passing up into the mouth partly by capillary attraction and 
I)artly by some kind of suctorial action. Within the body the 
necUir pjisses into a region of the digestive tract known as the 
crop or honey -baff, from which it is later on returned into one 
of the waxen cells of the comb, having undergone chemical 
changes (probalJy brought about by the saliva), converting it 
into honqy. 

Different species of bee differ very much among themselves 
in the extent to which the proboscis is specialized; in the so-called 
short-tongned betis, for exam[)lc, this organ is comparatively broad 
and short, while in some forms it may even be longer than in the 
honey-bee, as, for instance, in the species of Euglossa (a tropioal 
American genus), where it may be of greater length than the 
insect’s body. 

Wasps possess mouth -parts resembling those of the less- 
modified Bees. The adults feed for the most part on nectar 
and fruit-pulp, and the young larvje are fed in their early stages 
on similar food, though later on they are commonly provided 
with animal nourishment. • 

Ants take place in the very first rank among Insects as 
regards structure, intelligence, and specialization of habit, their 
communities in many species being organized in the most won- 
derful manner. The food largely consists of nectar and other 
vegetable substances. The mouth-parts include the usual struc- 
tures, the most interesting peculiarity being found in the large 
mandibles, which possess an unusual power of free movement, 
and project externally to the other pairs of jaws. The reason 
for this is to be sought in the varied industrial uses to which 
they are applied in the economy of the nest. 

Certain species of Ant are so fond of nectar that they are 
termed Honey- Ants, which name is applied to species belonging 
to very different genera native to Mexico and the United States ' 
{Myrtnecocystus) (fig. 440), South Africa (Plagiol^ns), and Aus- 
tralia (Melophorus). Taking the American forms in illustration 
it is found that some of the workers gorge themselves to excess 
on nectar produced by a small oak-leaf gall, so that the abdomen 




Fifi 440 — Hdncy-Ant \MyrtHtctK^itus Mtxuann^ 
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becomes swelled to a relatively enormous size. This is not, how- 
ever, a case of individual gluttony, but a device for securing the 
welfare of the colony, since these living “ honey - |X)ts ”, after 
making their way back to the nest, feed other members of the 
community from their 
abundant store. 

Ant communities 
include not only 
winged males and 
females, but also one 
or more kinds of 
wingless individuals, 
including zvorkers 
and so-called sol- 
diers. This is the 
cj.se, for cxam|)lc, 
with the Harvesting Ants of Euro])e, North Africa, and North 
America. A familiar passage in the Bible (“ Go to the ant, 
thou sluggard: consider her ways, and be wise: which having 
no guide, overseer, or ruler, provideth her meat in the summer, 
and gat he ret h her food in the harvest."— -Vrov. vi. 6-8) expresses 
an old-established belief in the storage of grain by Ants. This 
tjas, however, long discredited on the authority of the celebrated 
•entomologist Iluber. More recent observations have reconciled 
the two opposite opinions. For while Huber’s observations are 
correct for northern Ants, there can now be no doubt that stor- 
age does take place in the case of species about to be mentioned, 
which inhabit warmer climates and do not pass into a state of 
lethargy during the winter. Moggridge, for example, has carefully 
studied the habits of a Harvesting Ant t^Aphanogaster barbartts) 
found in Southern Europe, the communities of which include 
small workers and large-headed soldiers, the former being the 
members which carry out the harvesting operations. When the 
end of autumn approaches, these industrious creatures collect from 
the ground fallen seeds of various weeds (.speedwells, nettles, 
fumitory, &c.), together with oat grains. They are also seen, 
when dissatisfied with the amount so obtainable, to climb 
the stems and detach the fruits by twisting them round and 
round on their stalks, afterwards either carrying down the 
spoil or dropping it into the midst of the expectant throng 
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below. Once secured, the harvest is housed in special ex- 
cavations or “barns”, of which a single nest possesses about a 
hundred, holding between them 20 ounces or more. After storage, 
germination is prevented from taking place until the food is re- 
quired fur consumption, but the way in which this is done has 
not yet been discovered. To understand the further operations 
it must be premised that a seed or grain contains a dormant 
plantlet, together with a store of nutritive material, mostly starch, 
for its use in the early stages of growth or germination. At the 
commencement of this process the starch is converted into a form 
of sugar, .which readily diffuses into the developing plantlet The 
sweet taste of sprouting malt is due to this cause. Our Ants 
allow germination to go on till the sugar is produced, and then 
nip off the sprouts, which would otherwise absorb it. The nest 
of an allied North African species (A. amiarius) may occupy 
as large a space as 100 square yards, and extend from 3 to 6 feet 
into the ground. 

Lincccum and M'Cook have studied an even more remark- 
able North American Harvesting Ant (^Pogonomynnex barbaUts) 
which not merely collects grain, but subjects it to a process 
which leads to the same result as the threshing-machines used 
by human bein.gs. For after the grains and seeds have been 
carried into the nest the workers strip off their husks, aftef- 
wards bearing these to the exterior to be deposited on refuse 
heaps. 

The Leaf-Cutting Ants (fig. 441) of Tropical America (.species 
of Atta, also known as CEcodoma) are, if possible, even more 



Fig. 44Z —A Leaf-cutting Ant {fEcctiowa) Fig. 44a —A Bug which mimics a Leaf-aitting Ant 

carrying a piece of Leaf (enlarged) and iu Burden, both in form and colour (enlarged) 


interesting than the harvesting forms. Not content with collect- 
ing the vegetable food which everywhere abounds in the neigh- 
bourhood of their dwellings, they practise a species of plant 
culture which may well be compared with the mushroom-growing 
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•in which mankind engages. The abodes of these Ants underlie 
heaps of earth thrown up from below, and in some cases attain- 
ing a circumference of 40 yards. From this home as a centre 
regular paths are made in various directions, so as to make 
* desirable foraging spots readily accessible. These ant -roads 
may be more or less underground, and extend for considerable 
distances with a directness rivalling the public ways of the ancient 
Romans. M'Cook took the measurements of such a road con- 
structed by the North American species Alta fervens. The 
total length was more than 600 feet, of which the first 448 were 
excavated below the surface at an average depth of 18 inches, 
while in some parts it was four times as much as this. Worker- 
ants busily swarm along these roads and ascend the trees or 
shrubs of which they are the goal, cutting from these small 
round pieces of leaf. The bits of Yoliage are carried back to 
the nest, and there made into a sort of mushroom bed, upon 
which a kind of fungus {Roziics gongylophord) is raised. This, 
however, is not simply left to itself, but is kept free from unde- 
sirable moulds, &c., and its way of growth is modified in some 
mysterious manner, so as to make it produce little white nodules, 
which constitute the main food-supply of the Ants. 

BEETLES (Coi.E()PTKRA) 

A very large number of species belonging to this enormous 
order, which includes the insects popularly called Beetles, feed 
upon vegetable matter. The structure of the mouth-parts has 
already been iilluded to (p. 107). Only a few examples can be 
mentioned here, but further details will be given later on when 
insect pests arc considered. The Common Cockchafer {Melo- 
lontlui Tmlgaris) has earned an unenviable notoriety on account 
of its devastations, especially in some parts of the Continent 
(Holland, Germany, France, &c.), where, during what are known 
as “ chafer years ”, it appears in millions. Its favourite food 
consists of the leaves and buds of many fruit- and forest-trees, 
and its destructive larva, which lives as an underground grub 
for three or four years, attacks the roots of all sorts of crops. 
The Cockchafer is one of a group containing some 4000 known 
species, all apparently of similar habits. The Sacred Scarab 
{Scaradaus sacer) (fig. 443) is a dung-eating member of an 

allied and lai^er (50CX) species) group. The following ihter- 
vot. n. . 
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csting account of the habits of this species, as observed by 
Fabre in Southern France, is given by Sharp (in The Cambrige 
Natural History ): — “These insects act the part of scavengers 
by breaking up and burying the droppings of cattle and other 
animals. The female Scarabjeus detaches a portion of the dung 
and forms it into a ball, sometimes as large as the fist; this it 



Fig. 443 —The Sacred Scarab [ScambttHs sorer) 


rolls along by means of its hind-legs, by pushing, when necessary, 
with its broad head, or by walking backwards and dragging the 
ball with its front legs [notice in fig. 443 the suitability of these 
parts for such uses]. The strength and patience displayed by 
the creature in the execution of this task are admirable. Fre- 
quently the owner of this small spherical property is joined, so' 
Fabre informs us, by a friend, who is usually of the same sex, 
and assists her in pushing along the ball till a suitable place is 
reached. When this is attained, the owner commences to ex- 
cavate a chamber for the reception of the ball; sometimes the 
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false friend takes advantage of the opportunity thus offered, 
and carries off the ball for her own use. Should no disappoint- 
ment of this sort occur, the scarakeus accomplishes the burying 
of the ball in its subterranean chamber, and accompanies it for 
the purpose of devouring it The feast is continued, without in- 
termission, till the food is entirely exhausted, when the scarabseus 
seeks a fresh store of provender to be treated in a similar manner 
Dung is also collected by this Beetle for the benefit of the larvx. 

The " Wire-Worms ” which attack the roots of crops are in 
reality the larvai of small insects called Click- Beetles or Skipjacks 
{AgHotes lineatus and A. obscurtts), so named because they possess 
a peculiar apparatus which enables them to spring up with a sort 
of click when they happen to fall on their backs. 

Other examples of vegetarian beetles arc the little Pea- and 
Bean- Beetles {Bnichus pisi, 

Bf faba), the Colorado Po- 
tato-Beetle {C/irys<n»ela de- 
cemlimatd)^ and the members 
of the huge family (some 
20,000 species are known) 
of Weevils. Probably every- 
one has observed in a batch 
of ripe hazel - nuts some 
devoid of kernel, and with 
the shell perforated by a neat 
little round hole (fig. 444). 

This is the work of the grub 
of the Nut- Weevil {Ba/aiiinus 
nttaini), which has developed 

from an egg laid by the I and ^ Adult weevils being greatly enlarged): 3. buoutof 
. « . « , weevil [greatly enlarged) , 4, nut broken open to show tlie grub. 

parent within the partly- 

developed nut before the shell is hard, and later on bores its way 
out in order to seek the ground, where, buried in earth, it passes 
through the further stages in its life-history. 

NET-WINGED INSECTS (Neuropter.\) 

The insects of this order possess mouth-parts well adapted 
for biting, and constructed on much the same plan as those of 
Beetles. Most of the species are carnivorous, and some such 
have already been described (p. 111). Among those whi^Jh are 
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TiS 445'*~1'er°iiteb or White Ants. Male above, queen in centre, worker and soldier below 


appearance. This substance is but very slowly digested, and the 
voided pellets, from which the nutritious parts have only been 
partly absorbed, are used once more as food, and so on till finally 
exhausted. Very young individuals are fed on the saliva of the 
older ones, and the secretion in question is therefore different in 
nature from saliva ordinarily so called, which is simply a digestive 
fluid without nourishing properties. Indeed it may be noted 
here that such terms as “saliva” and “bile*’ are very loosely 
applied when lower animals are described, for there is an un- 
warrantable tendency, chiefly resulting from our limited know- 
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ledge, to use the well-understood terms of human physiology in 
a broad and general sense. These animals, however, are not 
vegetarians pure and simple, for they eat their own cast skins 
and the bodies of deceased friends. Cannibalism is also prac- 
tised, especially by the “ soldiers ” — specialized blind individuals 
with laige heads and huge mandibles incapable of dealing with 
the staple food. 

A curious Natal species of Termite, described by Haviland, 
cuts grass and acacia leaves into pieces which are carried into 
the nest, and it would appear likely that this is for the purpose 
.of fungus cultivation, as in some true Ants (see p. 209), for the 
same observer has shown that there are both South African and 
Singapore species which engage in this kind of culture. Such 
habits of complex, insect -communities are curiously reminiscent 
of the agricultural stage in the history of prehistoric man, which 
marks the most important step in the evolution of civilized races. 

STRAIGHT-WINGED INSECTS (Orthoptera) 

The insects of this large and comparatively primitive order 
possess biting mouth-parts, already (vol. i, p. 345) described in 
detail in the case of the Common Cockroach. Most of the 
species are either entirely vegetarian, or at any rate plant food 
Joulks largely in their diet Among the most notable plant-eating 
members of the order are the Grasshoppers and Locusts 
{Acridiida), distingfuished by their comparatively short feelers. 
A “locust”, as defined by Sharp (in The Cambridge Natural 
History), is simply “a species of grasshopper that occasionally 
increases gready in numbers, and that moves about in swarms 
to seek fresh food”. A great deal of damage is done by such 
insects both in Old and New Worlds. To most readers the 
word “locust” chiefly suggests the creature so called in Exodus, 
and there described as one of the Egyptian plagues (Exodus, 
x. 4-6). The Migratory Locust of North Afnca and North- 
west India, Schistocerca \Acridittni) peregrina, is most likely the 
species meant (see vol. i, p. 382). 

WINGLESS INSECTS (Aptera) 

This order includes small wingless forms which are usually 
regarded as primitive (see vol. i, p. 384). Their mouth-parts 
are feeble, and may approach to the suctorial type. Vei^ little 



214 


THE FOOD OF ANIMALS 


is known as to their habits, but they arc supposed to feed on 
disintegratini; vegetable and animal matter. A good example is 
the shining Silver- Fish {Lepisma saccharind) with long antennae, 
and three jointed filaments projecting from its tail end. It is 
found in brown sugar, and among starchy substances. In one 
section of the order, the Spring-Tails, there is a sort of elastic 
fork, which can be l}ent under the body and then liberated so as 
to enable the creature to leap into the air. One of the most 
curious of these species is the so-called Glacier- Flea {Desoria 
g/aciaiis), often found on the surface of ice or snow in Alpine 
regions. » 

Those plant-feeding, insects now fall to be considered in which 
the mouth-parts are more or less perfectly suctorial. 


SCALE-WINGED INSECTS (Lepidoptera) 

This order consists of the Butterflies and Moths, which Are 
nearly all plant-feeders. The voracious larv£e, commonly known 
as “caterpillars”, play havoc with all sorts of vegetation, and 
the most important mouth-parts which they possess are large 
biting mandibles s so that in this respect they differ widely from 
the adult The way in which the larva: feed by biting away 
pieces of leaf can be observed in almost any kitchen-garden, a 
notable case being that of the green caterpillars of the Cabbage 
White {Pieris brassiae), which in some years appear in almost 

incredible numbers. 
The larvae of the 
Silk Moth {Bonibyx 
mom), commonly 
called “silkworms”, 
furni.sh another 
readily - acce.ssible 
instance. Many 
aulult butterflies and 
moths feed but little 
or even not at all, 
but those that do and tho.se that do not feed alike possess an ' 
elaborate suctorial proboscis, adapted solely for taking in liquid 
nourishment, generally consisting of the nectar secreted by 
flowers., This organ consists (fig. 446) of the two much-elon- 
gaXcdPjirst maxilUe, each of which is in the form of a half-tube. 





Fig. 446.— Heads of Butterflies (enlarged to show proboscis) 
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» that by means of hook -like hairs can be connected with its 
fellow so as to form a conducting structure, the length of 
which is said to. reach as much as 10 inches in extreme cases. 
When not in use the proboscis is kept rolled up on the under 
side of the head. All the other mouth-parts are in a reduced 
state, the mafuiibles, for example, being very minute or perhaps 
even absent altogether, a state of things markedly in contrast to 
the larval condition. 

It is unnecessary for the present purpose to give further 
details regarding the feeding-habits of Lepidoptera, though it 
may be noted in passing that the caterpillars of particular species 
are often dependent upon one or a few .sorts of plant The 
caterpillars of the Small Tortoi.se.shell Butterfly {Vanessa urtiae) 
and the Peacock Butterfly {V. lo), for example, feed upon the 
nettle. That a female moth or butterfly .should lay her eggs 
u] 9 on the right sort of plant, quite unlike her own food, is one of 
the most remarkable phenomena in the whole realm of natural 
history. 

FLIKS (Dipteka) (see fig. go) 

It has already been e.xplained that the Two-winged Flies 
which constitute this order possess a suctorial and, it may be, 
.piercing proboscis, very different in structure from that of a 
moth or butterfly. The tube is comi)oscd of the lahrum or 
upper-lip, which is concave on its under side, and the l<nvcr-lip 
(labium), which is concave on its upper side and is usually regarded 
as formed by the fusion of the second incuxilUc. The mandibles 
and first maxilla; are piercing .stykets, by means of which female 
gnats, mosquitoes, midges, and the like penetrate the skin of 
their victims (p. 121). The males of most of these blood-.sucking 
forms are believed to sustain themselves on plant-juices, and the 
piercing parts of their probo.scis are not .so strongly developed 
as in the female. The larvae of gnats and mosquitoes are little 
wriggling worm -like creatures, living in stagnant water, and 
.subsisting chiefly upon decaying vegetable matter. 

Strongly contrasting in habit with the preceding forms are 
the Crane-Flies (species of Tipula), familiarly known as “daddy- 
long-legs”, which, although their mouth-parts are constructed on 
the same plan as in the blood-sjuckers, live on the juices of flowers 
’ and the like. The larvae, popularly called “ leather-jacket»”, are 
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legless grubs which live underground and possess biting mouth- 
parts, with which, according to some observers, they attack the 
roots of grasses and other plants. 

The wasp-like Hover- Flies (species of SyrpAus) frequent 
flowers, upon the pollen and nectar of which they feed. Although 
the piercing mouth-parts are retained they are not known to be 
of use, though this is one of the innumerable cases where there 
is a lack of detailed and accurate observation. We have here 
a good instance of marked difference in feeding habits between 
larva and adult, for the former is a legless maggot which re- 
lentlessly, pursues plant-lice (aphides), the juicy bodies of which 
it sucks as a school-boy does an orange. Closely related to these 
forms are the Drone -Flies (.species of Eristalis), which closely 
resemble bees, and visit flowers for the .same reasons as their 
congeners. The curious aquatic larva is known as the Rat- 
tailed Maggot (from the long breathing-tube which projects fnom 
its posterior end), and feeds upon decaying vegetable matter or 
upon the refuse matter which saturates the filthy ponds, &c., in 
which it is often to be found. 

Further mention will be made of Diptera which feed on vege- 
table matter when agricultural pests are dealt with. 

FRINGE-WINGED INSECTS (Thysanoptera) 

• 

The* best -known member of this order is the minute Corn- 
Thrips {Thrips ccrealiuni) (see vol. i. p. 355), often found in large 
numbers in the flowers of grain crops. It possesses four narrow 
fringed wings, and the most remarkable parts related to its mouth 
are three piercing stylets, of which two are probably parts of the 
fii'st fiiaxill(P, and the third one derived from the mandibles. It 
is u.sually stated that they feed upon pollen, and are also able to 
pierce the flowers in which they live for the purpose of obtaining 
.sap. They are reckoned among the innumerable pests of agri- 
culture. 

BUGS (Hemiptera) 

• 

The Bugs, using the word in a very broad sense, which con- 
stitute this large order, possess piercing and sucking mouth-parts^ 
which have already been briefly described (p. 122). The young 
forms resemble the adults in most particulars of form and struc- 
ture, including the nature of the mouth-parts, there never being 
therefii're the sharp contrast between a biting larva and a sucking’ 
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adult, as exemplified by such insects as moths and two- winged 
flies. A large number of species feed on the juices of plants, and 
inject salivary 0uid into the punctures they make, often, it would 
api)ear, with injurious result. Among the most attractive of these 
are the comparatively large Cicadas (see vol. i, p. 152), the males 
of which have earned a sort of doubtful fame from the fact that 
they are the noisest members of the Insect class. The larva: are 
more unlike the adults than is usually the case in the order. 
Perhaps the most remarkable species, on account of the unique 
length of time taken by it in passing through its life-history, is 
the Seventeen-year Cicada {Cicada septemdecini) of, the United 
States. Most of the seventeen years is spent underground in the 
larval stage, during which the food consists of the juices of roots, 
according to many entomologists. 

Another good example of plamt-sucking Bugs is afforded by 
• 4 he Plant-Lice or Aphides (see vol. i, p. 353), commonly called 
“ green-fly ”. These minute, delicate insects often propagate at 
a surprising rate, and damage many kinds of plants. One of the 
most notorious forms is the Vine-Aphis {Phylloxera vaslalrix), a 
North American insect, which, introduced into Europe, has done 
a vast amount of damage in vineyards. Its life-history is very 
complex, and includes certain stages which injure vine-roots, and 
• others which produce galls on the leaves of the same plant 

A rather curious family of bugs is that of the Frch;-hoppkrs 
{Cercopidtc), including small insects with marked leaping powers. 
The commonest British species is Philxnus sptwiaritts, the young 
of which are surrounded by a mass of frothy fluid, which has been 
secreted in the intestine. This is the origin of the familiar “cuckoo 
$pits”, which are common country objects. 

SPIDER-LIKE ANIMALS (Araciinida) 

The second air-breathing class of Arthropods, that of the 
Arachnida (Scorpions, Spiders, Mites, &c.), includes animals 
of which the large majority are carnivorous. A number of the 
minute creatures known as Mites are, however, vegetarian in 
habit. Some of these subsist on dead organic matter, as, for 
example, the Meal-Mite {Tyrogfyphus fanna), and in this case 
the chelicene, corresponding to the little nippers of the Scorpion 
(see p. 125), are, as in that case, pincer-like. The sami^append- 
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ages are similarly shaped in the rcmarkabje Gall-Mites, which 
cause the production of diseased outgrowths on the leaves or 
buds of various plants. The vine, for instance, may be infested 
by one of these gall -producing species {Phytoptus vitis). The 
elongated wrinkled body o’f this creature is almost worm-like, 
and the two hinder pairs of legs have disappeared, while the 
others project at the front end of the body. There are also, 
however, plant-infesting Mites with sharp piercing chelicerae, as. 
in the case of the familiar web-spinning Money-Spider or Red 
Spider {Tetranychtis telarius), which is not really a spider at all. 


MILLIPEDES (Mvriai*oda) 

In the third class, Mvriai'ooa, of the air-breathing Arthropods, 
five orders are included, of which by far the largest and most inA 
portant are tho.se including the Centipedes (Chilopoda) and the 
Millipedes (Chilognatha). The former are active carnivorous 
forms, of which something has already been .said (p. 132), while 
Millipkoes (see vol. i, p. 396) are sluggish vegetarian creatures. 
One of the most abundant British kinds is the Common Millipede 
{Julas terrestris), often found under bark, or else crawling upon 
•hedge-plants. It is a small creature of somewhat worm-like 
appearance, which coils itself into a spiral form when disturbed 
or resting. The body is clearly divided into a series of rings 
that bear feeble, jointed legs, the bases of which arc near together 
instead of wide afMirt as in a Centipede. The latter arrangement 
is more favourable to rapid movement than the former, and it is 
associated with a flattened body and a comparatively small number 

of limbs. A Millipede, on the other hand, 
has very numerous legs — two per segment 
except in the case of the first four. Its 
mouth-parts are adapted for chewing vege- 
table food (fig. 447), and consist of an 
upper-lip, two powerful biting mandibles, 
Rr- 447--j«ws of a Millipede (magni- and a lobed plate acting as an under-lip and 

fiedj. a at Mandibles; lowei^lip 1 

formed by the fusion of two appendages. 
The feelers are short as compared with those of a Centipede^ 
to which longer exploring organs are more necessary than in 
the case«6f its vegetarian cousin. A Millipede is devoid of the 
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poison-claws which play an important part in the capture and 
slaughter of prey by carnivorous Myriapods. 

The Common Millipede and its allies feed largely upon dead 
vegetable matter which has begun to decay, and they are also 
reputed to do a certain amount of damage to living plants. 
Farmers know them by the name of “false wire-worms”, “wire- 
worms” proper being the young of click-bcctles (p. 211). 

The remarkable ‘genus Peripatus, the only form included in 
the class Prototracheata, the fourth and la.st subdivision of 
air-breathing Arthropods, is carnivorous, and has already l)een 
described (p. 134). , 



CHAPTER XIX 


THE FOOD OF ANIMALS— PLANT-EATING CRUSTACEA 
AND LOWER INVERTEBRATES 


Having now piissed in review Examples of vegetarian Arthro- 
pods beloAging to the air-breathing series, we come to the two 
classes of Crustacea and Xipiiosura, which together constitute 
the aquatic gill-bearing division of the same phylum. The latter 
class includes only the carnivorous King-Crabs (p. 144), and the 
former includes a host of forms, most of which are either cy- 
nivorous or else act as scavengers. There are, however, interest- 
ing exceptions to this. 

HIGHER CRUSTACEA (Malacostraca) 

Among the Higher Crustacea (Malacostraca) some of the 
Land-Crabs affect a vegetable diet, as, for example, the Country- 
man-Crab {Gecarcinus run’cola) of Jamaica and other West Indiai^ 
islands. This has proved a great nuisance to planters, as the 
shoots and juice of the sugar-cane constitute its favourite food. 

A still more interesting animal is the Robber- or Cocoa-nut- 
Crab {Jiirgns htro) (fig. 448) of the Cocos-Keeling islands, which 
appears to be a hermit-crab (see p. 137) that has taken to a ter- 
restrial life, and given up the habit of sheltering its tail in a cast- 
off snail-.shell. Hermit-Crabs are believed to be descended from 
hard-tailed forms, in which the posterior part of the body became 
soft because it was protected in a new fashion. Should a hermit, 
therefore, give up its habit of appropriating a snail-shell as a pro- 
tection, we might expect the tail to become hard once more, and 
this is actually what has happened to the Robber -Crab. This 
species is mentioned here because it feeds upon fallen cocoa-nuts, 
and the following is Darwin’s graphic account of the way in 
which it goes to work in order to extract the fleshy part from 
the shell and fibrous husk by which it is invested (the extract is 
taken from A Naturalist's Voyage ): — “The front pair of legs 
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the equivalents of a lobster’s great claws] terminate in 
very strong and powerful pincers, and the last pair but oilh 
are fitted with pthers weaker and much narrower. It would 
at first be thought quite impossible for a crab to open a strong 
cocoa-nut covered with the husk, but Mr. Liesk assures me 



Fig. 448 -Robber- or Cocoa'iiut-Crab [Birgut latro) 


that he has repeatedly seen this effected. The crab begins by 
tearing the husk, fibre by fibre, and always from that end under 
which the three eye-holes are situated; when this is completed 
the crab commences hammering with its heavy claws on one 
of the eye-holes till an opening is made. Then, turning round 
its body, by the aid of its posterior and narrow pair of pincers 
it extracts the white albuminous substance. I think this is as 
curious a case of instinct as ever 1 heard of, and likewise of 
adaptation in structure between two objects apparently so remote 
from each other in the scheme of nature as a crab and a cocoa- 
nut-tree.” Forbes (in A Naturalist's Wanderings in the Eastern 
Archipelagd) gives further details, stating that the proper eye- 
hole (only one of the three is soft) is pierced by means of the 
pointed end of one of the walking-legs, the orifice, when suffi- 
ciently enlarged, being still further widened by the grea^ claws. 
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Some of the compressed sandhopper-Iike forms (Amphipods) 
ahd flattened woodlouse-like species (Isopods) also feed on vege- 
table matter. We have, for e:^mple, the destruqitive wood-boring 
Crustacean Cfielura terebrans in the former group, commonly 
associated with the Cribble (Ltmnoria lignorurn), a species of 
similar habit belonging to the latter order. Other vegetarian 
Isopods are the little Water Wood-Louse {Asellus aguaticns), 
which feeds chiefly on decaying leaves in *ponds, &c., and the 
Wood-Lice (species of Oniscus, Amiadillium, &c.) (see vol. i, 
p. 415), land-inhabiting creatures commonly found under stones. 
In all these cases the mandibles are powerful, and well adapted for 
breaking up the food. 

THREAD-WORMS (Nematelmia) 

The numerous phyla to the members of which the term 
“ worm ” has been or may be applied include a very latga 
number of carnivorous forms, many animal parasites, and a crowd 
of species which affect a mixed diet Vegetarians pure and 
.simple are the exception. Carnivorous worms have already 
been sufficiently dealt with (pp. 146-152), and those affecting a 
mixed diet will be treated along with the forms of other groups 
which are distinguished by similar feeding habits. In this chapter 
it will only be necessary to mention certain Thread - Worms* 
(Nematodes) which attack plants, and often do serious damage. 

Other related forms live on 
vegetable substances, but do 
not attack living plants. A 
well-known example of the 
latter is the Vinegar- or Paste- 
Eel {^A nguilhila aceti or Lepto- 
dera oxophild). This often 
abounds in paste or vinegar 
which has “gone bad”, that 
is to say, in which moulds 

t, Diseased spikclet of wheat; i, eelwonn (magnifiedj. are gTOWing. It iS UpOU theSe 
3, young eelwurm before hatching (enlaiged); 4, diseawd « • A U 

grain (enlarged); 5, the bame in section, blowing worms in tllclt tilC 661 IS 06116 V6Q tO SUD- 

“**“■ sisL A near relative of this 

harmless species is the Wheat- Eelwonn {Tylenchus scandens) 
(fig. 449), which infests the wheat plant, and stunts the growth 
of the ^edlings. Nor is this all, for the young worms get into 
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the wheat-ears and attack the young grains, which become little 
brown galls, known to farmers as “ ear cockles ”, “ peppercomiS ”, 
or “purples”. .Other injurious species will be mentioned in the 
section on economic zoology. 

LOWER INVERTEBRATES • 

The phylum of Jdedgehog-skinncd animals (Echinodermata) 
includes voracious creatures like Stor-Fish, which feed on animal 
prey, Sea-Urchins which do this to a considerable extent but at 
the same time do not despise vegetable food, and forms like 
Sea -Cucumbers, Sea- Lilies, and Feather- Stars, which are non- 
predaceous but live on food of both kinds. 

The three lowest phyla of the animal kingdom, ie. Sponges 
(Porifera), Zoophytes (Ccelenterata), and Animalcules (Pro- 
.jozoa) are in the main either carnivorous or else their food is 
of mixed character 



CHAPTER XX 


THE FOOD OF ANIMALS— OMNIVOROUS MAMMALS 


Some account having been given of typical animals which 
feed on either animal or vegetable matter to a preponderating 
extent, if not entirely, our attention is claimed by those forms, 
which are commonly called omnivorous. The term is not very 
happy, for it implies a more largely varied bill of fare than 
actually turns out to be the case with regard to many creatures 
so designated. It is best, therefore, to interpret “omnivorous’* 
as meaning “feeding on both plant and animal substances”, the 
proportion between the two varying greatly in different cases. 
Even some of the highly -specialized carnivorous forms which 
have already been described occcisionally take a certain amount 
of vegetable food, while on the other hand some of the confirmed 
vegetarians may not be above swallowing a certain amount of 
animal matter. Here, indeed, as elsewhere, it is impossible to 
establish sharp boundary-lines, and one stage in the life-history 
of an animal may affect one sort of food while during another 
stage the nutriment may be quite different. The young of the 
common House- Sparrow, for example, is fed largely on worms 
and grubs, while the adult birds are notorious for the damage 
they do to cultivated crops. And we have seen that in the case 
of Mosquitoes and their kind there is even a difference between 
the two sexes in the matter of food, for the female is endowed 
with troublesome blood-sucking prof>ensities, while the harmless 
male subsists upon the juices of flowers and the like, though 
perhaps there may have been a little exaggeration in this matter, 
at any rate as regards some species. 

Space forbids detailed consideration of many omnivorous. 
animals, and it will only be possible to select a few specially 
interesting examples for description. Beginning as in other cases 
with the Vertebrata, or Backboned animals, we will take in 
succession Mammals, Birds, Reptiles, Amphibia, Fishes, and the 

8M 
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primitive creatures technically known as Protochordates. First, 
then, as to Mammals. 

M*AN AND MONKEYS (Primates) 

The majority of the forms belonging to this order (including 
Man and Monkeys) are omnivorous, though some monkeys are 
pure vegetarians, and the lowest included species, i.c. the Mar- 
mozets of South Americci, feed chiefly on insects and other small 
creatures. A preliminary account of the structure of the human 
body has already been given (vol. i, pj). 24-59), but a few points 
related to the feeding-habits may usefully be reviewed here. The 
teeth, for example, differ on the one hand from the specialized 
carnivorous condition seen in, say, a cat, and on the other hand 
from the marked adaptation to a vegetable diet found in a sheep 
or ox. In a cat we find small pointed incisors, large tusk-like 
d^nines, and sharp-edged cutting cheek-teeth. In an ox, on the 
contrary, there are cutting lower incisors and canines biting 
against a hard pad above (upper teeth to correspond being 
absimt), and elalxiratcly folded cheek-teeth adapted for grinding. 
In Man the incisors arc chi.sel-like, the canines pointed but not 
aggressively large tus in the Cat, and the check-teeth, with grinding 
crowns, much less complex than in the sheep. The salivary 
glands of the human .sjiecie.s, organs of which the secretion is 
specially suited for acting chemiailly on sUirchy food, are tolerably 
well developed, but very much smaller relatively than in the purely 
vegetarian Ox. Taking the other |jarts of the digestive organs 
ill the three contrasted forms, we find a short gut, simple stomach, 
and small ca'cum in the Cat; long gut, complex stomach, and 
large caecum in the Ox. The meaning of the.se differences is that 
fleshy food is comparatively easy to digest and alxsorb, vegetable 
food relatively difficult, hence the shortness and simplicity in the 
one form and the length and complexity in the other. The giit of 
Man is of moderate length, the stomach simple, and the ccecum very 
small. It may further be added that human beings thrive be.st on 
a mixed diet, as has been shown by numerous experiments. 

LEMURS (Lemuroidea) 

The curious Lemurs that have their head-quarters in Mada- 
gascar, but which are also represented in continental Afijca and 
Vol. II. • 47 
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Asia, are for the most part adapted for living on a mixed diet 
The species, for example, which belong to the typical Mascarene 
genus Lemur (see vol. i, p. 79), feed on fruits and other vegetable 
matters, as well as on nestlings, eggs, lizards, and small inverte- 
brates. The hwer huisor teeth slope forwards, an arrangement 
which appears to be of use for removing the firm coverings of 
certain fruits, while the canities are sufficiently large to suggest 
partly carnivorous habits, and the cheek-teeth have crowns which 
are sufficiently brojul to break up vegetable food, and at the same 
time sufficiently sharp to negotiate animal prey. 

c 

FLKSII-EATIXG MAMMALS (Carnivora) 

The flesh -eating mcmliers of the great order Carnivora, 
including the most typical beasts of prey, have already been 
pretty fully dealt with, but certain familiar omnivorous species 
belonging to the s;imc order require mention here. The structure 
of their digestive organs, especially the teeth, diverges considerably 
from what is found in a cat. tiger, or wolf. Although the stomach 
is always simple, the digestive tube of those species which affect 
a mixed diet is, as we might expect, longer than in the purely 
carnivorous types. 

Reference to what has already lx;en said about the typically 
carnivorous dentition of a Cat (p. 6) will show that all the 
teeth are specially constructed in relation to the securing and 
subsequent division of living prey. Attention may particularly be 
directed to the large, sharp, tusk-like canines, and the knife-edged 
cheek-teeth. In omnivorous species the front teeth and the 
{interior cheek-teeth retain the carnivorous character, but the 
back teeth (molars) belonging to the latter series (molars) possess 
crowns more or less adapted for crushing vegetable food, as shown 
by their breadth and the presence of blunt tubercles. 

CiVKTS. — .Some omnivorous forms are included among the 
Civets (Viverrincs), a group including small cat-like forms re- 
lated to the Cats proper (Felidai). Of these the best examples 
are the Palm-Civets (genus Paradoxurus) of South and South- ’ 
east Asia, climbing forms which prey upon birds and their eggs, 
and also turn their attention to domesticated poultry. A well- 
known species is the Palm-Cat {Paradoxurus typus') (fig. 450), 
which Qbt only feeds upon birds and eggs, but also plays havoc 
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with such cultivated fruits as bananas, pine-apples, and cofiee- 
berries. 

Bears. — It is, however, among Bears and their allies that 
most of the omnivorous members of the order are found. It 
may indeed be stated that the majority of the bear-like carnivores 
feed on a mixed diet, though to this there are notable exceptions, 
such as the Polar-Bear {Urstts arctos), which is almost purely 



Fig. 450 — Palm-Cat {PantdaxHrus (y/u*) 


carnivorous. There are, on the other hand, strictly vegetarian 
species, such as the fruit-eating Malayan Bear ( l/rsus Malayanus). 

The Brown Bear {Ursus arctos) (see vol. i, p. 96) of the Old 
World is a typically omnivorous species. During the warmer 
part of the year it lives very largely upon vegetable food, including 
honey, as well as upon small invertebrates. Its sense of smell 
is well developed, and enables it to scent out edible underground 
parts of plants, such as tubers and bulbs. On the approach of 
winter, when this sort of food becomes scarce, the brown bear, 
at any rate in Europe, takes to flesh-eating, and attacks any wild 
or domesticated animals which happen to be available. During 
the most rigorous part of the year, however, like many other 
inhabitants of cold climates, this species tides over the unfavourable 
season by hybemating in some cave or other sheltered place, 
passing into a condition of winter sleep, by which the vital 
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functions are reduced to a low ebb, and subsisting upon its OMm «> 
tissues. 

An interesting species is the Sloth-Bear {Ur^us labiatus) (fig. 
451) of Ceylon and India, which feeds mainly upon fruits and 
honey. It i)ossesses long curved claws of great strength, eminently 



Fig 45i.—Sloth>Bcar 


adapted for tearing open the nests of wild bees, or it may be 
of termites, which insects al.so furnish a favourite article of diet 
The well-developed sense of smell is of the greatest use in detect- 
ing concealed food. When the dwellings of termites have been 
clawed open the bear is reported to vigorously blow away the par- 
ticles of soil, afterwards sucking out the unfortunate inhabitants of 
the nest The narrow, flexible tongue and extremely mobile lips are 
well suit^ forgiving effective help in the various feeding operations. 
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L Bears. — The so-called Small Bears {Protyonida) are 
American, and include a number of omnivorous forms. 

A well-known example is the Com- 
mon Raccoon {Procyon /o/or) (see 
vol. i, p. 95), popularly known as the 
“coon", which feeds both upon the 
jjfround and among trees, and though 
c.specially fond of all sorts of animal 
food, from mice and birds down to 
insects, by no means despises fruit, 
nuts, and grain. Vogj (in TAe 
Natural History of Mammals) says 
of this animal Of all the Car- 
nivoni the raccoon is perhaps the 
cleverest in the use of his fore-paws, 
for he catches insects 
in their flight and 
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dip his food into it and wash it quite clean before beginning 
his meal.” It has often been observed that animals with marked 
powers of manipulation as regards the organs of prehension by 
which food is seized and carried to the mouth, are intelligent 
above the average. Monkeys, raccoons, elephants, and parrots 
are all illustrations of this. 

Similar to the raccoons as regards diet are the related Coatis 
or Proboscis- Bears (JVasiia) (fig. 452) of South America, distin- 
guished by long tails, broad at the base, and narrow, inquisitive 
snouts. The latter organs, to which they owe their name, are 
used for grubbing in the ground and prying into holes and comers 
likely to contain available food-supplies. 

Wkasels. — Even the family of Weasels (Mustelida), the 
last to be considered here of the Carnivora, though including 
some of the most bloodthirsty and predaceous members of 
the order, also embraces thorough-going omnivores in the ilj-, 
savoured Badgers. Our native species, the Common Badger 
(Aides taxiis') (see vol. i, p. 96), unfortunately a creature ap- 
proaching extinction, except, perhaps, in very wild and remote 
districts, is a good example. Vogt’s admirable summary (in The 
Natural History of Mammals') of his feeding-habits may well 
be quoted here: — “ He takes what nature can offer him. In 
Siberia he is so entirely carnivorous that he attacks even the^ 
herds of catde in order to slay calves. In Germany he hunts 
in spring for mice, rats, moles, nests of ants and humble-bees, 
going about grunting like a pig and turning up the earth with 
his snout. He thereby makes himself useful in destroying a 
number of subterranean insect larvae, caterpillars, worms, and 
snails. Eggs and small birds which make their nests on the 
ground are devoured by him just as readily as lizards, serpents, 
toads, and undei^round fungi. Truffles and other fungi, as well 
as a few juicy roots, are eaten as accompaniments to the staple 
of his meal. To the stings of ants and humble-bees he pays 
little heed, shaking these assailants off with a grunt. On the 
approach of autumn the Badger becomes more herbivorous, and 
grows fatter and fatter every day. Fruits of all kinds, starchy “• 
tubers, sweet bunches of grapes and currants, and the like, are 
then more sought after than mice; but if these, or young hares 
or partridges, fall in his way, then he eats up with pleasure the 
dainty ^ith which fortune has provided him.” Related species 
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of similar habits are found in North America. The Ratals, or 
Honey- Badgers {Mellivord), of Africa and India also feed on a 
mixed diet, and, as one of their names indicates, are especially 
partial to honey. They attack bees’ nests whether these arc situ- 
ated in the ground or in trees. 


HOOFED MAMMALS (Ungulata) 

We have just ^en that the typically llesh-eating order of 
Carnivora includes a number of omnivorous animals, and the 



453 —Sow and Young of Wild Boar [Sus stre/a) 


same thing is true as regards the Ungulata, an order in which 
most of the members are specialized vegetarians. The species 
belonging to the Pig Family (S’w/ife), a division of even-toed 
Ungulates, are almost proverbial for their omnivorous habits. A 
good example is the Wild Boar {Sus scrofd) (fig. 453)^ once a 
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native of Britain, and probably to be regarded as the chief stock 
from which our domesticated swine have been derived. Pigs 
are particularly fond of marshy places, and their most charac- 
teristic habit is that of “ rooting ” up the ground in search of 
various kinds of food. The agent in this process is the strong 
flexible snout, the flat end of which, pierced by the nostrils, is 
supported not only by a gristly disc, but also by a special bone. 
As the position of the nostrils would lead* one to su.spect, de- 
sinible morsels are detected by means of the sense of smell, which 
these animals possess in a highly developed state. Wild Pigs are 



tig —Lower Jaw of Pig (»V/« showing teeth 


by no means such gross feeders as one might judge, reasoning 
from the inhabitants of the filthy sties seen in some parts of 
this country, and, like true epicures}, they are extremely fond of 
truffles in tho.se parts of the Continent where savoury fungi 
of this sort are fairly common. As most persons know, these 
dainties grow underground at some distance from the surface, 
where no indication is to be seen of their presence. Pigs, how- 
ever, detect them easily by means of their acute powers of smell, 
and truffle-hunters often employ these animals as guides to the 
spots where the much-coveted delicacies are to be found. A'^ 
pig possesses a full complement of teeth (fig. 454), there being 
forty- four in all, a number regarded as typical for mammals 
which have not become greatly specialized. There are twelve 
sharp-edged incisors, those of the lower Jaw being forwardly- 
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directed, an arrangement enabling them to easily cut through ’ 
tubers, &c., which may be met with in the course of the rooting 
process. Nextjcome the four upwardly -directed canines, which 
work against one another almost like a pair of scissors, 
arid are greatly developed in the male to serve as weapons. 
The cheek-teeth are twenty-eight in number, and of these 
sixteen are laterally-compressed premolars with cutting crowns, 
while the remainder are molars with large grinding crowns, 
from which blunt tubercles project. The dentition suggests a 
mixed diet, for the canines and premolars are modified in the 



-carnivorous direction, the molars, on the other hand, being well- 
adapted for dealing with vegetable food. The latter tendency 
is the stronger, and this quite accords with the nature of the 
aliment, which mainly consists of plants, especially their succu- 
lent underground parts, while such fruits as acorns and beech-mast 
are eagerly sought after. Grubs and other small invertebrates also 
form part of the food; larger creatures, such as rats and mice, 
are often devoured, and carrion is not despised. It has already 
been pointed out that mammals which feed mainly or entirely 
upon vegetable matter have a much-elongated gfut, often as.soci- 
ated with a complex stomach and a large caicum. Pigs exemplify 
the first of those characters, and also have a modera^ly-Iaige 
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co'cum, but the stomach is practically simple, though some smalf 
pouches are attached to it. On the other hand, the gastric juice 
has very powerful digesting properties, and this is an adaptation 
to animal food. The genus Sus, from which our example is 
taken, is widely distributed through Europe, Asia, and Africa. 
In America, from Arkansas and Texas south to Patagonia, Swine 
are represented by the little Peccaries [Dicoiyles) (fig. 455), which 
in appearance and habits closely resemble Pigs. They possess- 
only thirty-eight teeth, two upper incisors and four premolars. 
less than in common Pigs, and the upper tusks are downwardly- 
directed. Though undoubtedly omnivorous, vegetable food con- 
stitutes a larger proportion of their food than is the case with 
Old World Pigs, and an anatomical fact which fully harmonizes, 
with this is found in the possession by them of a complex slonuuh, 
suggesting the .state of things characteristic of Ruminants. 

The exigencies of space forbid details regarding omnivorouj., 
mammals belonging to other orders, but it may be noted that 
the large and widely-distributed order of Rodents includes 
ordinary Rats and Mice {Munda), which feed on all sorts of 
substances, whether animal or vegetable in nature; the Hairy 
Armadillo {J)asypns viliosus), among the archaic group of Eden- 
tates, lives on vegetable food when other nutriment is not avail- 
able; and the primitive and multifarious order of Marsupials.^ 
includes certain omnivorous species, such as some Phalangers,. 
Bandicoots, and Opossums. 
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THE FOOD OF ANIMALS— OMNIVOROUS BIRDS AND 
• PROTOCHORDATES 


Some of the more interesting adaptations which Bihds exhibit 
to a purely or mainly animal or vegetable diet have been described 
in preceding chapters. A large number of species are omnivorous 
to a greater or less extent, but it would be dull and profitlc.ss to 
do more than mention a few types, as such a procedure could be 
Tfittlc more than a list of birds with their appropriate food. It 
may be noted that in cases where the structure presents no 
marked peculiarities as regards the digestive arrangements, and 
especially when the beak is a fairly-strong cone of average length, 
a miscellaneous bill of fare is apt to be found, though no hard- 
and-fast rule can be drawn. In such Birds, too, it commonly 
happens that the food varies at different times according to what 
* the season has to offer, and a fact previously mentioned may also 
be borne in mind, i.e. that the food of the nestling may differ 
from that of the adult The stock example of this last point is 
the common House-Sparrow, which, though vegetarian itself to all 
intents and purposes, feeds its young on worms, caterpillars, and 
the like. 

CROWS (CORVID/E) 

As might be anticipated, some of the most careful observations 
regarding the food of birds have been made with reference to 
species which affect the interests of farmers and other cultivators. 
Such, for instance, are the Raven, Carrion Crow, Rook (fig. 456), 
and Jackdaw (species of Corvus), well-known members of the 
Crow Family, now usually placed at the head of the laige group 
of passerine or perching birds, commonly considered to be the 
highest group of the enormous assemblage of fiying-birds (Cari- 
nate), to which all living forms, except Ostriches, &c., belong. 
Professor Ritzema Bos (in Animal Foes and Friends) thus speaks 
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of the feedinjj habits of the species mentioned, using the word 
“crow” to include them all: — “All crows live both on seeds and 
animal food, including carrion. Ravens, and. sometimes even 
rooks, attack lambs and sick or weakly sheep, also ducks, geese, 
fowls, and pigeons. . . . The jackdaw at most steals the eggs of 
poultry, and the larger crows naturally do the same thing. 1 
myself have often noticed a rook or a hooded-crow sheltered on 
the branch of a tree near the nest of a tame duck, till this had 
finished laying an egg. As soon as this was done, and the duck 



Fig. 4 Rook {CorvHS JrHgiletrus) 


had left her nest, the crow flew down to feast on the warm 
egg. All crows, especially ravens, are highly injurious to game; 
they kill hares and rabbits, . . . young partridges, quails, pheasants, 
&c. It is also true that all crow- like forms devour voles, though 
usually only the sick and weakly individuals, which during a ‘ vole 
year* arc found in large numbers on the fields in late summer. 
Healthy voles commonly creep too quickly into the ground to be 
seized by crows. Nevertheless, when these pests are numerous, 
the crows do their best for agriculture in this respect. Much 
more harm, however, is effected by them as a result of the large 
amount of havoc they work among useful insect-eating singing- 
birds, their attention being more especially directed to the eggs 
and nestlings. Crows are of great use as destroyers of insects. ' 
In cockchafer-years flocks of rooks are to be seen on trees infested 
by these pests, which they catch very cleverly with the beak, 
devouring the abdomen and hinder part of the thorax, but letting 
the rerq|iinder . . . fall on the ground. . . . Crows also devour 
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moths and butterflies, including many harmful sorts, long-legged 
Crane-Flies {Tipulidee), and other pests possessed of the pjower of 
flight These bicds further rid the ground of innumerable noxious 
insect -larva:; cockchafer grubs, wire-worms, surface and other 
caterpillars, mole -cricket larva:, &c. They also prey on fleld- 
slugs and earth-worms. They can often be seen following the 
plough in order to pick up the grubs and wire-worms which are 
exposed. • 

“As to the plant-food of crows, these birds are exceedingly 
partial to go'minating seeds, e.g. those of peas and beans, and 
also the grains of cereals. Germinating maize is j^irticularly 
appreciated by them. When possible they permit the seeds, &c, 
to remain in the ground until germination has begun, appearing to 
know that these have then become sweeter (as the result of the 
formation of sugar from starch, &c.).' Crows also peck the grains, 
especially when half-ripe, out of the ear . . . liking barley best 
Of germinating grains, next to maize, wheat and oats are pre- 
ferred. They further rob ripening peas, and the nearly mature 
fruit of the cherry, plum, and apricot. . . . Even potatoes, beet, 
and mangold-wurzel are not despised by crows. Of the species 
mentioned the raven is lea.st addicted to seed-eating.” 

The above gives a good idea of the mixed nature of the diet 
Affected by some omnivorous birds, and it will be noted that there 
is a considerable difference between related species, the raven, for 
instance, being fonder of animal food than the other crows, a fact 
which may be correlated with its formidable beak. Among other 
omnivorous members of the Crow family may be mentioned 
magpies, jays, and choughs. The related family of Starlings 
(see vol. i, p. 155) also includes many omnivorous members, of 
which the Common Starling {Sturntis vulgaris) may be taken 
as an example. 

GEESE, DUCKS, AND SWANS (Anseres) 

Passing over the numerous remaining families of perching 
birds, many of which include omnivorous forms (e.g. birds of 
paradise, weaver-birds, thrushes, warblers, and larks), mention 
may be made of Geese, birds which feed by preference in the 
neighbourhood of water, either on the sea-shore or inland. Some 
of the species are practically vegetarian, as, for example, the 
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Grey Lag {Anser cittereus) (see vol. i, p. 177), and many other 
geese. The Goosander {Mergus merganser) and allied forms, 
on the other hand, are diving birds, which live on fish. Most of 
the included forms, however, are omnivorous to a greater or less 
extent Among gee.se which arc distinguished by this habit may 
be mentioned the Brent Goo.se {Bcmicla brenta) (fig. 457), which 
during the winter migrates far south from the Arctic regions, and 



Fig. 457.— IJrcnt Geese {Btrtiula hrenta) 


is common on our eastern coasts during the cold part of the year. 

It feeds on the tenderer sea- weeds and the small animals, such as 
crustaceans, which live among these. Ducks and Swans are om- 
nivorous in habit The way in which the structure of their bills 
enables them to secure small aquatic animals has already been 
mentioned (p. 65). It need only be added here that grass seeds, 
and the succulent parts of water plants, also form part of their 
food. 

GAME-BIRDS (Galun.«) 

The group of Game-Birds includes species which for the most 
part feed on the ground. Their strong, often rather short, beaks 
and powerful claws are well suited to the mixed food upon which 
most of them subsist, and which commonly includes the juicy parts ^ 
of plants, grain, seeds, and small invertebrates such as worms. 
Many of them use the claws for turning over the earth in search 
of food, a habit which has earned for them the name of “ scratch- 
ing birds” (Rasores). 
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The Pheasant Family is one of the most important of those 
Included under the game-birds, and it is exemplified by a number 
•of well-known forms. The smallest species are the Quails, of 
which one kind, the Common or Migratory Quail {Cotumix com- 
munis) is an inhabitant of Britain from May to October, and is 
notable for the wide extent of its range through the countries 
•of the Old World. Its favourite haunts are to be found in fertile 
plains, and its food Consists mainly of seeds, insects, and slugs. 
The Common Partridge {Perdtx cincrca) is like a large quail in 
appearance, §ind its habits are much the same. Snails are reputed 
to be a favourite article of diet. This species is found, in Britain 
throughout the year, and has a wide range in Europe and Central 
Asia. The Pheasant [Phasianus Co/chicus) of our game-preserves 
is not a native species, but was in all probability introduced by the 
Romans. The present breed is of hii.ved origin, but the home of 
the original .species is to be found in South-east Europe and the 
adjacent parts of Asia. Thick undergrowth is more congenial to 
this bird than open country, and it commonly roosts in trees. Its 
food consists chiefly of berries, grain, worms, &c., and, like most 
•of its congeners, it is a ground-feeder. Some of our domesticated 
birds are related .species introduced from various countrie.s, as the 
Peacock {Pavo cristatus) from India, the Red Jungle-Fowl {Callus 
*bankiva), which is the original Indian stock from which the various 
breeds of domestic fowls are derived, the Guinea-Fowl {Numida 
meleagris) from West Africa, and the Turkey {Melcagris gallipavo) 
from North America. 

Our largest game-bird, the Capercaillie {Tetrao nrogallns) is 
a native of the pine-forests typical of the mountainous parts of 
Europe and Central Asia, and was fairly common in Ireland and 
Scotland up to about 1770, at which date its extermination was 
•completed. In 1838 it was reintroduced into the latter country. 
Though partly a ground-feeder upon insects, worms, and berries, 
its chief food is obtained among the trees in the form of young 
pine-shoots. The Black Grouse of our moorlands {Lyrtirits 
ietrix) is a related form, and so also is the Red Grouse {Lagopus 
Scoticus), which is the only bird peculiar to Britain. The latter 
species, however, is mainly, if not entirely, vegetarian in habit 
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RAILS (GralL/E) 

A widely -distributed j^roup of forms is constituted by the 
Rails, which are closely related to the game-birds. Some are 
acjuatic, but most of them live on the ground, especially in marshy 
places among thick grasses and sedges, although others prefer dry 
plains, the last being more particularly the case with certain 
sjiecies which have lost the power of flight * The food is usually 



Fig 4^8.— Corncrake {Crrx pratnisis) 


of mixed character and very varied, and the body is character- 
istically compressed from side to side, which much fiicilitatcs rapid 
progression through the closely-growing vegetation among which 
such birds live. Among our seven native species, of which two 
are rare visitors, the most familiar are the Land- Rail or Corncrake 
(Crex pratensis) (fig. 458) so commonly heard in our cultivated 
fields, the Moor- Hen {Ga/linuia ch/oropits), and the Coot {Fulica 
atra), both the last-named being aquatic. 

BUSTARDS AND CRANES (Alectorides) 

A group related to the Rails is that including the Cranes,. 
Trumpeter.s, and Bustards, most of which are long- necked, 
long-legged form.s, living in the main upon vegetable food, sup- 
plemented by all sorts of small animals. Cranes (see vol. i, p. 
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lyi) are often confounded with storks, and like them are com- 
monly found in marshy districts. The Common Crane {Grus 
communis) bred in East Anglia up to the end of the sixteenth 
century, and has at the present tim^ a wide range in Europe and 
North Asia, migrating during the winter as far south as India 



Fig' 459'~Crowned Crane {BaUmrica pavomind) 


and North Africa. The Crowned Cranes (fig. 459) of Africa are 
similar in habits. Trumpeters constitute a small group of South 
American birds which have been compared in appearance to 
fowls with long necks and legs, and are found in humid forest 
regions. Bustards are stoutly-built Old World species, of which 
* the Great Bustard {Otis tarda) is of special interest, because it 
was a native of Britain till about 1838. These birds prefer dry 
plains and cultivated land. A. H. Evans states (in The Cambridge 
' Natural Jltstofy) that “ the diet consists chiefly of juicy plants, 
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such as young corn and turnips, clover and plantains, but it 
includes berries and seeds,' insects and their larvae, molluscs, 
myriapods, frogs, or even small reptiles and mammals.” 

HORNBILLS 

The remarkable Hornbills (see vol. i, p. 164), native to the 
warmer parts of Africa, Asia, and Australia, are reserved as the 
last example of omnivorous flying birds, because they present 
a marked exception to the very general rule that a mixed diet is 



Fig, 46a— Skull ofHornbill [Bucem gtUeaitts)y in section 


associated with what may be called average structural characters. 
Here, however, we find an enormous beak, suggesting adaptation 
to a peculiar diet. This organ is not, however, so heavy as it 
looks, being largely made up of loose spongy bone (fig. 460). 
The food usually consists of various fruits, roots, insects, and 
other invertebrates, together with small backboned animals. As 
<i general rule these varied articles of diet are first thrown up in 
the air, then caught and swallowed whole, the animal part of th^ 
food being killed as a preliminary. In explanation of the curious '' 
beak it may be remarked that in birds this organ is often used 
as a d^ensive weapon, and this appears to be the case in Horn- 
bills, especially in the female, as will be explained elsewhere. 
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RUNNING BIRDS (Ratit^) 

We next come to the Running Birds (Ratitae) of which the 
African Ostrich {Struthio cameltis)t is almost proverbial for its 
omnivorous habits. The general appearance of the bird is familiar 
to all, and here attention need only be called to the broad short 
beak and the wide gape. It is essentially a desert form, and is 
often found associated with herds of antelopes. Its long neck is 
of obvious advantage in enabling it to have a wide outlook. The 
food in a wild state consists mainly of herbage, berries, and seeds, 
but worms, insects, and the like, also small mammals, .birds, and 
reptiles, are by no means despised. The omnivorous habit appears 
to be much increased in the case of captive specimens. Like all 
birds in which the food requires crushing, it swallows small stones 
and grit, as well as, it may be, other hard substances. 

•• The somewhat smaller South American Ostriches (Rhed) 
closely resemble their African cousins in habit. The same is true 
as regards the Emeus (Dromaus) of Australia; but the Cassowaries 
(Casttartus) of the Australian region are mainly vegetarian; and 
live in forest regions. 

PRIMITIVE VERTEBRATES (Protochordata) 

ft 

I'here being nothing of special interest to detain us in the 
great classes of Reptilia, Amphibia, and Fishes, the members of 
which are predominatingly carnivorous, we come to the Proto- 
CHORDATEs, in which are included the simplest animals that have 
any claim to be considered vertebrates. They are all omnivorous, 
and exemplify two ways of feeding that are so typical for many 
of the lower groups of animals that it will save a good deal of 
repetition to describe them here in general terms. 

Sand and Mud Swallowers. — Marine sands and muds 
contain a great deal of nutritive matter partly of vegetable and 
partly of animal origin. The same is true to a less extent of 
similar freshwater deposits, and also as regards ordinary earth or 
soil. Many animals have become swallowers of such substances, 
the object being to benefit by the nutritious substances therein 
contained. 

Ciliary Currents. — The other mode of omnivorous feeding 
to be noticed in this place is by means of cilia These have 
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elsewhere (vol. i, p. 49) been described as microscopic threads of 
living matter, which closely beset certain parts in many animals. 
They may in lower forms cover the external surface, and they 
also clothe the linings of soiqe internal cavities. They are pos- 
sessed of the power of spontaneous movement, each individual 
cilium alternately bending and straightening. As numerous cilia 
bend in the same direction at the same time, those possessed by 
aquatic animals often set up definite currents in the surrounding 
water. Now this water contains a great deal of available food, 
in the form of minute {^articles of organic matter of varied origin, 
together with microscopic animals and plants. As a result the 
currents in question often play the part of food-bearers, bringing 
an abundance of mixed diet within reach of the animals which 
originate them. And many forms of life which are richly provided 
with these motile threads depend entirely upon ciliary currents 
for their livelihood. •• 

LANCELETS (Cephalociiorua) 

The highest Protochordate is a small somewhat fish-like 
form, commonly known on account of its shape as the Lancelct 
(An/pkioxtts) (see vol. i, pp. 293-297). Like all known Proto- 
chordates it is exclusively marine, and is found on the coasts* 
of many countries situated in widely - separated parts of the 
world. It is not unknown, though far from abundant, in British 
seas. Entirely devoid of jaws, its digestive tube commences in 
a widely-open funnel-shaped cavity, which communicates behind 
with a large pharynx, the sides of which are perforated with 
numerous oblique gill-slits. These open externally into an 
atrial cavity, that again communicates with the exterior by a 
small pore placed on the under side of the body pretty far 
back (see vol. i, p. 294). The interior of both mouth -funnel 
and pharynx is richly provided with cilia, and these work in 
such a way that currents of sea -water continually enter the 
mouth, the particles of food which they bring being conducted 
back to the stomach and intestine. The water which brings them 
also serves for breathing purposes, and passing out through the 
gill-slits ultimately reaches the outside of the body. The food- 
particles, however, are prevented from doing this, for they are 
entangl^ in a sticky substance and conducted back by means of 
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ciliary action along two grooves, one running along the upper side 
of the pharynx and the other along the lower. The Lancelet 
feeds with its ^ody buried vertically in the sand, its front end 
■ projecting (fig. *461). , _ 


SEA-SQUIRTS (Urocuorda) 

Lower in the scale than the Lance- 
let are the remarkable and degener- 
ate Sea - Squirts or Ascidians (see 
vol. i, pp. 297-300). These are cither 
solitary or ‘aggregated into colonies, 
and may be cither fixed to stones, &c., 
or may float freely in the sea. It will 
be sufficient to describe briefly the 
feeding arrangements in a simple 
••fixed form, such as Ascidia (.see vol.'i, 
p. 297). We find here a sac-like 
body, covered by a firm protective 
coat or test, and fixed by one end. 

At the other end is the mouth, and 
close to it another aperture from which 
currents flow out carrying the various 
• products of waste. The mouth leads 
into a small mouth-cavity, and this 
again into a very large pharynx, the walls of which are per- 
forated by a great number of small holes (gill-clefts). The 
pharynx is suspended in an atrial cavity, comparable to that 
of the Lancelet, and as in that animal opening to the exterior, 
though in Ascidia the aperture, as already mentioned, is quite 
close to the mouth. Feeding is effected much as in the 
Lancelet, i.e. currents of sea-water set up by the numerous cilia 
which beset the lining of the pharynx enter the mouth, bearing 
with them all sorts of food particles. These are entangled in 
mucus and carried back to the mouth, while the water passes 
through the gill-slits, purifying the blood as it does so, and reaches 
the atrial cavity, thence sweeping out waste products to the 
’ exterior. If the animal be touched it shrinks up, ejecting the 
sea-water contained in the pharynx with some force, and closing 
the external apertures. This is no doubt a protective measure, 
and it should also be noted that the beginning of the phatynx is 



Fig. 46i.--Lancelet {Ampktoxus 
iiimeoiatur, feeding 
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guarded by a circlet of little sensitive tefUacles, which perhaps 
have some selective power, and at any rate to some extent serve 
to prevent the entry of undesirable substances,, such as ahimals 
of too great a size, by bringing about contraction of the body- 
wall, with closure of the apertures as described above. Such 
protective measures, however, are only partially effective, for 
parasitic animals are often found in the pharynx. 

r 

WORM-LIKE PROTOCHORDATES (Hkmiciiorda) 

The only other Protochordate to which allusion need be 
made here the Acorn -headed Worm (Balanog^lossus) (see 
vol. i, p. 301). Like the Lancelet, it is a widely -distributed 
animal, and is found in shallow water imbedded in sand or 
mud, by swallowing which it obtains sufficient organic matter to 
serve as food. The pharynx here presents a very interesting^ 
specialization, for it is almost completely divided into upper 
(dorsal) and lower (ventral) sections. Water for breathing pur- 
poses passes into the former and makes its way to the exterior 
through gill-slits, while food passes back along the lower section 
to the intestine. The movement in either case is promoted 
by the action of the cilia with which the digestive tube is lined. 
The almost complete separation of breathing and food tracts 
exemplified by the Acorn -headed Worm is an improvement 
upon the arrangements found in Lancelet and Ascidians, and 
reminds one of arrangements serving the same end in higher 
vertebrates, as, e.^., in human beings, where the air used for 
breathing enters the nostrils and passes back through the passages 
of the nose to the pharynx, while the food enters the mouth, also 
to pass back into the pharynx. But in the Acorn-headed Worm 
both food and breathing water have to enter the mouth, there 
being nothing comparable to nostrils. More will be said on 
this subject when dealing in greater detail with breathing and 
breathing organs. 

A short account must now be given of some of the leading 
omnivorous forms among Invertebrates. 
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THE FOOD OF ANIMALS-OMNIVOROUS MOLLUSCS, 
LNSECTS, AND CRUSTACEANS 


MOLLUSCS (Mollusca) 

Of the five great groups here included, Ckphaloi'Oda (Cuttle- 
Fishes, &c.). Gastropoda (Snails and Slugs), Scapjiopoda (Tusk- 
Shells), Lamellibranchia (Bivalves), and Protomolluscs (Mail- 
■•Shells, &c.), the first includes eminently carnivorous forms. 

SNAILS AND SLUGS (Gastropoda) 

The majority of the marine members of this group are car- 
nivorous, though many are vegetarians, while the opposite is the 
case with land forms. The rasping organ which they in common 
with the Cephalopods possess, and which has been already fully 
described (p. 95), is capable of dealing with almost any kind of 
food, and it is not therefore surprising to find that .some species 
are omnivorous. This is especially true for certain Land -Slugs, 
such as the Grey Field- Slug (Limax agrestis) and the Black 
Slug {Arion ater), which prefer vegetable matter, especially 
fruit, but also devour all sorts of animal substances, and appear 
to be partial to earth-worms. No interesting specializations, how- 
ever, to the omnivorous habit have been so far observed, and 
here, as in almost all other cases, accurate and extended obser- 
vation on the way of life and its relation to structure are badly 
needed. 

TUSK-SHELLS (Scaphopoda) 

The curious Tusk-Shells (see vol. i, p. 339) which constitute 
this class are apparently omnivorous. The knobbed filaments 
they possess, and which can be protruded from the mouth of 
the shell, are said to be used for the capture of small organisms 
living in the surrounding sand, especially minute fiinty-shelled 
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plants known as Diatoms, and diminutive animals belonging to 
the group of Foraminifera, in which the body is usually invested 
by a calcareous shell. Like Cuttle-Fishes and Snails the Tusk- 
Shells are provided with a rasping organ, not capable, however, 
of being protruded so as to* act upon large food-bodies. It is 
probably employed in breaking up the small organisms secured 
by the capture- filaments. 

BIVALVE MOLLUSCS (LAMELLftlRANCHIA) 

The Bivat.vk Molluscs are all omnivorous, and their food 
is obtained by the agency of ciliary currents. The * Freshwater 
Mussels {jlnodott and Unio) already described in vol. i, p. 328 
will serve as a first example. One of the most striking charac- 
teristics is the great reduction of the /lead, which can hardly 
lie saitl to be present at all. The development of this region 
is proportional to the intelligence exhibited, and it contain^, 
the highest parts of the central nervous system, together with 
the most important sense organs. Intelligence is cIo.sely related 
to the necessity for finding and seizing food, and there is every 
rea.son to believe that the bivalves are descended from forms 
which engaged in an active search for food, and were possessed 
of a fairly well developed head. Animals in which food is pro- 
vided in a mechanical way, without the necessity for individual 
effort, always tend to become more or less degenerate, and this 
appears to have been the case with bivalves, in which the head 
has become more and more reduced, mainly, it would seem, in 
consequence of the ciliary mode of feeding. The Mussel’s body 
is invested in two shelly plates, situated right and left, and lined 
by flaps of the body-wall (mantle-flaps), between which is a large 
mantlc-cai'ity into which the body hangs down. The lining of 
this cavity is clothed with cilia, and there are two large gill-plates 
on either side, also richly covered with cilia. The mouth is a 
transverse slit situated at the front end of the body, and is 
entirely unprovided with anything comparable to jaws. On 
either side of it are two sensitive flaps (labial palps), between 
which is a food-conducting groove. These palps are also covered ^ 
with cilia. Observation of a feeding mussel shows that it is ' 
obliquely buried in the mud, with the hinder-end projecting and 
the shell slightly open. Two apertures between the mantle-flaps 
are visible, a larger one below, into which water-currents con- 
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tinually stream, and a smaller one above, from which water 
constantly flows out. The ingoing currents are rich in dissolved 
oxygen, which i:^ used for breathing, and also bear along innumer- 
able minute plants and animals, whjch are conducted forwards to 
the mouth and serve as food, passing on either side along the 
groove between the two labial palps. The outgoing currents, 
on the other hand, sweep away all the various products of waste. 
The flow in both csy^es is produced and its direction determined 
by the action of the cilia which line the mantle-lobes and cover 
both gills and labial palps. The gills, indeed, are as much 
•current-producing organs as anything else, and appear to have 
been greatly specialized in the Mussel and many othfer bivalves 
for the purpose of doing this particular kind of work. As ciliary 
action is independent of the will, there is not so much scope for 
intelligence as in, say, a garden snail, and the Mussel is a 
^.sluggish creature with dwindled head, living in a happy-go- 
lucky way by keeping its mouth open and taking in what the 
Fates provide. 

Many bivalve Molluscs are able to feed and breathe when 
much more deeply buried in mud or sand than is the case with 
the freshwater Mussel. For it often happens that the two open- 



n?' 463.— ScmUcularia, with siphons and foot protruded 


ings serving for the entry and exit of currents are placed at the 
■end of tubes of greater or less length, and the animal gets on 
quite well if the tips of these just protrude at the surface. A 
good example of this is found in a little oval form {Cyclas cornea) 
which is abundant in fresh water. If a number of these are placed 
in a bottle of water and left alone for a .short time they will 
present a very interesting sight, for from the hinder-end of each 
of them two translucent tubes will be seen projecting upwards. 
These are the siphons, which bear the all-important openings, and 
close observation enables the two water -currents to be plainly 
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seen, especially if a little carmine be added to the water. A 
similar arrangement may be noticed in the estuarine form Scro- 
bicularia (fig. 462). . 

Not infrequently the siphqns are fused together, and the two- 
openings are then seen one above the other, as, for example, in 
the Sand-Gaper (Mya arenarid), which is a common bivalve along 
part of the British coast 

• 

JOINTED- LIMBED ANIMALS (Arthropoda) 

The only classes belonging to the phylum of Arthropoda that 
require any mention in this section are those of Insecta and 
Crustacea. 

INSECTS (Insecta) 

The great majority of Insects, so far as observations have 
been made, feed either upon animal or vegetable matter, though,* - 
as in many other groups of animals, the diet not infrequently 
includes a small proportion of food other than the favourite kind. 
Truly omnivorous forms are, however, known, and, as one would 
naturally expect, these mostly belong to the orders in which 
the mouth-jiarts are more or less adapted for biting. A creature 
of this kind is the Common Cockroach {JPcriplaneta orientalis), 
a member of the Straight-winged Insects (Orthoptera), the 
structure of which has elsewhere been described (vol. i, pp. 
343-350). At least one authority (Brunner) considers that the 
natural food of this and other allied forms in a wild state consists- 
of dead animal matter; but be that as it may, the Cockroach is 
undoubtedly omnivorous, though this may partly be a result of 
its semi-domestication as an “unbidden guest”. 

Another common straight- winged Insect, the Earwig {For- 
ficiila auricu/aria), which is often unjustly charged with entering" 
and damaging the human ear, also affects a mixed diet It 
undoubtedly devours insect larvae, small snails, &c., but also eats, 
fruit and parts of flowers, though some authorities consider this- 
is only done when the supply of animal food fails. 

Certain social Wasps and Bees are examples of omnivorous.^ 
Net -WINGED Insects (Hymenoptera). Among these are the 
Common Wasp {Vespa vttlgaris) and the Hornet {V. crabro). 
The food consists of insects, nectar from flowers, honey stolen 
from bees, and the flesh of various sweet fruits. The following' 
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interesting particulars are g^ven by Sharp (in The Cambridge 
Natural History) of the jvay in which the queen wasp feeds the 
young larvae of, the colony she has founded: — “As the eggs 
' soon hatch, and produce larvae that grow rapidly, the labours of 
the queen-wasp are chiefly directed to feeding the young. At 
first she supplies them with saccharine matter, which she pro- 
cures from flowers or fruits, but soon gives them a stronger diet 
of insect-meat Thi$ is procured by chasing living insects, amd 
the hornet is said to be very fond of the honey-bee, but, as a 
rule, Diptera \Ce. two-winged flies] are the prey selected. When 
an insect hSis been secured, the hard and innutritious parts are 
bitten off, and the succulent parts, more especially the thorax, 
which contains chiefly muscular tissue, are reduced to a pulp by 
means of the mandibles; this is offered to the larvae, which are 
said to stretch out their heads to the mother to receive the food, 
••after the manner of nestling birds.''* 

Examples of cau'nivorous and vegetarian Ants have alreauly 
been given (pp. 103, 206), and it need only be added here that 
many of the social kinds, including several British species, feed 
on both animal and vegetable matter. As to the former, it is 
interesting to note that ants, especially in tropical countries, play 
the part of scavengers, and share with vultures the office of 
devouring dead bodies. This propensity is sometimes utilized 
in this country when a carefully-prepared skeleton of some small 
animal is desired, for if the carcass be placed in the neighbour- 
hood of an ants’ nest it will soon be picked perfectly clean. On 
the other hand, ordinary ants have a great love for sweet sub- 
stances of all sorts, and cases are frequent where they raid houses, 
and particularly confectioners’ shops, in search of such things as 
sugar, honey, jam, or articles into the composition of which these 
enter. 

The Two- WINGED Flies or Diptera possess much-specialized 
suctorial mouth -parts (see pp. 120, 121), commonly used for 
obtaining either animal or vegetable food. Allusion has already 
been made to the case of Gnats (pp. 120, 215) and the like, 
where the female sucks blood, while the male is believed to live 
on plant-juices, which may be put paradoxically in some such 
statement as “the individual is limited to one kind of food, but 
the species is omnivorous”. The common House-Fly (Musca 
domestica) (fig. 463), however, is truly omnivorous, and settles 
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with annoying impartiality and ^'"^rsistence upon almost all 
of the many sorts of food which constitute the diet of the mixed 
feeder, Man. The mouth-parts of this insect ai^: purely suctoridl 
in nature, and lack the piercjng stylets which the females of so 



Fig. 463.— House-Fly {Afmea domettica)^ eulargeil 


many not very distantly related species use with such unpleasant 
efficiency. 

The members of the large order Lepidoptera, which includes 
Moths and Butterflies, are almost exclusively vegetarian in 
habit The specialized suctorial mouth (see pp. 214, 215) of 
the adult is adapted for feeding on plant-juices, while the cater- 
pillar is provided with stout mandibles, which are most efficient 
biting organs. Yet Carpenter points out (in Insects i Their Struc- 
ture and Life') that “ Butterflies sometimes forsake honey for such 
unsavoury food as blood from the wound of a mammal or the 
juices of a putrefying carcass. Several instances are known of 
caterpillars which eat other insects. The larva of Cosmia trapezina 
[the Dun-bar Moth] feeds on oak and other leaves, but devours 
caterpillars smaller than itself which happen to get in its way; 
while other species are said to prefer insects to leaves whenever 
the opportunity arises. A small ‘looper’ caterpillar has been 
observed to eat a larva three times as big as itself.” In speaking, 
of the Dun-bar Caterpillar, Stainton (in British Moths and Btdter- 
flies) says: — “ It feeds in May and June on oak, birch, &c., and 
should be carefully avoided by the collector, as it is extremely 
apt to devour other larvae that happen to be domiciled with it”. 
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CRUSTAC£aJis (Crustacea) 



* Among scavenging forms like tjiose included in the Higher 
Crustacea (Malacostraca), though animal food, including carrion, 
is the favourite diet, omnivorous species might well be expected 
to exist, and this is actually the case. A good example is the 
Common Crayfish (j^stacus flmnatilis) 

(fig. 464) of our rivers, which resembles 
a small lobster in appearance and in 
the most es.sential features of its struc- 
ture. It feeds upon small frogs, fishes, 
and the like that venture within its 
reach, and does not disdain offal, which 
is indeed the most effective bait em- 
•«ployed in its capture. Invertebrates 
such as worms and other small creatures 
are also appreciated, and the diet also 
includes a considerable variety of plants 
and roots. During the warmer parts 
of the year crayfishes commonly leave 
the water in the evening, and search for 
food along the river banks. They live 
in any natural crannies which happen to be available, and also 
burrow extensively in the river banks, often doing a considerable 
amount of mischief in this way. During the winter season they 
adopt a more passive mode of feeding than at other times, lurking 
at the mouth of their dwellings in wait for such toothsome morsels 
as may pass within their reach, and which are secured by their 
powerful nippers. The long sensitive feelers are able to explore 
a considerable area round the mouth of the burrow, and constitute, 
so to speak, an intelligence department giving prompt notice of 
the presence of edible objects. 

A curious omnivorous form is found in a freshwater Prawn 
{Afya), which inhabits the West Indies, and is about the size 
of an ordinary marine prawn. The limbs corresponding to the 
nippers of a crayfish are comparatively small, but end in slender 
pincers, and the first pair of legs closely resemble them. The 
food consists of the organic matter abundantly present in the 
mud where the prawn lives, and the pincers are used for scraping 


Fig. 464 - Common Crayfish \AUacus 
reduced 



THE FOOD OF AnAhALS 





this up and moulding it into snuUl rounded portions forming con- 
venient mouthfuls. « 

Many apparently omnivorous forms are found among the 
Lowkr Crustacea (Entomaspnca), of which the Barnacles pre- 
sent a very interesting arrangement by which food is secured. 
Here are included the stalked Ship-Barnacle {Lepas) (fig. 465), 

and the stalkless Acorn- Barnacle 
{Ba/anus). Innumerable individuals 
of the latter roughen the rocks on 
many parts of the British coasts. 
In either case the plan'of structure 
is the same (see vol. i, pp. 417- 
419), and a rough idea is conveyed 
by Huxley’s simile of a man lying 
on his back with head fixed to some 
firm object, and getting a living bye 
kicking food into his mouth. But 
the barnacle is better off than a 
Fi* 465.-!>h.p 1W.UCI.S man m respect to limbs, possessing, . 

as it does, six pairs of long slender 
appendages, which have been compared to tendrils, and are beset 
with numerous bristles. If one of these animals is placed in a 
vessel of .sea- water the feeding process may be easily observed, and 
furni.shes a curious and interesting sight. First of all the .shell 
opens, and then the slender “legs” are rapidly thrust out, and 
as rapidly withdrawn with a scooping action, acting, as it were, 
like a sweep-net, which brings innumerable minute organisms 
and nutritive particles within reach of the mouth. 

* Both salt and fresh water are tenanted by innumerable hosts 
of minute free -swimming creatures, among which the lowly 
Crustacea known as Copepods swarm in myriads. A fresh- 
water type, Cyclops, has elsewhere been described in detail 
(see vol. i, p. 420). The shape of the body has been likened 
to half a split pear, the curved side being dorsal and the flat 
side ventral. From the broad head -end project two pairs of 
well-developed feelers which row the animsd ^ong, and at the 
same time are no doubt the chief agents by which the presence 
of food is detected. The mouth is p^|Ced a little way back on 
the under surface, and is provided wilih four pairs of jaw-like 
limbs capable of dealing with minutb animals and plants, to say 
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nothing of small particles of organic matter which may be present 
in the surrounding water.^ them come at least four pairs 

of forked which, by their regular forward-and-backward 

swing, assist in locomotion, and also sweep edible matters within 
reach of the jaws. Dr. Vosseler (in Zacharias* The Anintal- and 
Plant-Life of Fresh Water) makes the following interesting re- 
marks as to the' feeding habits of the free -swimming members 
of this group of Crustacea: — “The food of all free-living Cope- 
pods consists of small particles of animal and vegetable matter 
which are found on the surface of the bottom-mud, on the stems 
of plants, &c. Protozoa and microscopic alga± appear to afford 
the chief supply. As these are always present together, it is 
difficult to make out whether these animals are actually omni- 
vorous, or whether one or other kind of food is taken up acci- 
dentally. According to some observations, the mother devours 
^hcr own children, and this cannibal behaviour suggests that the 
Copepods may be purely carnivorous. It is very amusing to 
watch these animals searching for food. If the vessel in which 
they have been placed contains plants, they browse among the 
debris covering the surface of these, picking their way in a 
methodical manner. When the stomach is sufficiently filled, the 
animal seeks once more the society of its comrades,” 

Another widely-distributed group of the Lower Crustacea is 
that of the Ostracods (see vol. i, p. 419), which includes a large 
number of species of small marine and freshwater forms, living 
on the surface of the mud, &c., at the bottom, or swimming among 
water-plants. They are enclosed in a bivalve shell, almost like 
that of a freshwater mussel, and possess, like Copepods, two 
powerful pairs of feelers, serving not merely as sense organs, but 
also as means for effecting swimming or assisting progression 
on a firm surface. There are but three pairs of jaws, and behind 
these are situated two pairs of pointed legs, used both in loco- 
motion and for scraping food forward to the mouth. This food 
appears to be partly of vegetable, partly of animal nature. 

The last group of Crustacea to be mentioned is that of the 
Phyllopods, distinguished by their Battened leaf-like limbs, and 
including a comparatively small number of species, which are 
mostly inhabitants of fre*. water, or of salt lakes and lagoons. 
There are two sub-groups; one embracing fairly large forms, of 
which Apus has already described as a type (vol. i, p. 421). 



t 


THE FOOD OF ANIHALS 


256 


It not infrequently makes its appearance in spring in small tem> 
porary accumulations of fresh water, an^ is native to many parts- 
of the world. The greater part of the well-se|fmented body is 
covered above by a large overlapping oval shield, while the under 
side bears the niouth, provided with three pairs of jaws,, and a 
large number of leaf-like feet. The animal swims on its back, 
being, as it were, paddled along by the perpetual swinging of the 
feet biickwards and forwards. There is a longitudinal groove 
between the rows of limb.s, along which food is conducted to the 
mouth, and even when swimming no doubt a certain amount of 
food is passed along this, in the current of water set up by the 
feet. Apas is also able to browse on the surface of the mud 
or of water-plants, much In the same way as has been described 
above for Cyclops. 

The second sub-group of the Phyllopods is that of the Water- 
Fleas {jOladocerd), much smaller creatures than their immediate, 
relatives, and including some marine forms, though most live in 
fresh water. A common type is Daphnia (see vol. i, p. 419), a 
short -bodied cn'ature, of which all but the head is enclosed in 
a bivalve shell. Swimming in a jerky sort of way is effected 
by means of the relatively enormous .second pair of feelers. 
There are but two pairs of jaws, and behind this a small num- 
ber of flattened limbs, which by their constant movement maintain 
a flow of water along the under side of the animal, which serves 
both for breathing purposes, and also brings with it minute or- 
gfinisms and particles which .serve as food. 
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A NEW CENTURY: A NEW ENCYCLOPEDIA 


The New Popular 
Encyclotpedia. 


A LIBRARY IN ITSELF. A General Die- 
tionar)' of Arts, Sciences, Literature, Biography, 
and History. Edited by Chari.Ks Annandai.e, 
M.A., LUI)., Editor of Ogilvic’s “Imperial Dic- 
tionary of the English Language”. Profusely illustrated. In 14 handsomc^-olumes, super- 
royal 8vo, in Roxburgh library binding, 12s. (at per volume, net. 


A New Ce&tttty demands a New Encyclopedia. As nine .idvani'os. knowledge incre.ises. 'lo 
sum up that knowledge a new Encyclopedia is requiitHl, and everyone ought to possess that new 
Encyclopcdiii. 

The Gn'shiim Publishing C'oinpany. having acquired exclusive control of the well-known P0PUI.AK 
]<'ncy(:mjpkoia, aie now issuing a New and Bevised Edition of that f.imous authoiitative work of 
reference. 

The entire work has licen revised to date under the editorship of Dr. Charlee Annandale, assistixl by 
a staff -of Spedaliete and Encyclopedic Ezperta 

'I'he New Popular Encyclopedia is a woitliy successoi to the previous edition, which nunilN'ied 
• among its contributors men of the high }josittun of Ixikn Kklvin, Sir ANI»R^w C. Ramsay, Pro- 
KKssoK J. I). EvKRKTr, Mr Comyns (,*arr, ('apiain Orii-Hrown, Mr M. M. P\rriM>N-MuiR, &c. 

In the matter of pictorial illustration the New PopuUit Kncycto}x‘disi is ahme </ //( knitf. In no 
British Encycloix’dia, not even in previous editions of the PoPt;i.AR, has s«) c.\tensi\(* a use Ixicn made 
of the pictorial aits to assist the elucidation of the subjf*ct-in:itter. In addition to the large numIx>rof 
^ plates in colour, theie are very many plates m black and white* picturi*s of machineiy -detail, portraits, 
ordnanci* snch as Vickers, Creuzot, and Knipp guns, flying -machines, ethnoIogic.tl types, and the 
hundred-and-onc different objects which can lie rendci cd clearer by the use of pictorial illustration. A 
complete senes of Maps is also provided. 

The Supplements form u very siiccial fcatiuc of the New Populai. Ik'vidcs containing many articles 
on genet .il subjects they give biograpbies of living men or of men recently deccaseil. Tlius we have 
Mr. CUAMIIKRI.AIN, Mr. Kkuckr, Lord Salisbury, Txiri> Roskhkry, .Mr. Auriiuk Balmiur. 
Mr. (jV.okgk Wyndiiam. Lurd Roberts, Gknkral Bullkr, M.sjor-CIknkkai. Baden Powell 
( whose brother, Major Badcn-Powcll, secretaiy of the Aeron.TUtic.'il Society, contributi'S the Article on 
AeroiuTiities), &c., dc. 

"The New Popular Kncyclopedia ” is a perfect library in itself, sup<*rs€-ding, piactienlly, the 
necessity of having recouise to a large numlxir of Ixxiks on different to[)ics, and fiitnishing, at moder- 
ate cost, a complete body of information on all subjects. 

It is a Universal Gazetteer, giving accounts of the natural and political divisions, countries, 
cities, rivets, lakes, &c., throughout the world. 

It is a Universal History, in which art* to lx: found full general accounts of all the countries 
of the world, wi^jmportant events and details trcatetl at length under specific headings. 

It is a Biographical Dictionary— giving the lives of all important historic chaiactcrs, statesmen, 
lawyers, literary men, scientists, inventors, engineers, artists, musicians, theologians, &c. 

It is a Commercial Dictionary, explaining economic principles, treating fully die practical details 
of the chief industries, and giving elaborate accounts of manufacturing processes. 

It is a Dictionary ok the Sciences— S tudents of natural history, botany, geology, astronomy, 
chemistiy, &c., will find an ample general record of modern progress in the si>eci.'il sciences. 

It is a Dictionary op the Fine Arts, explaining the technical terms, theories, and ptocesses. 
and giving a historic and biographical record of the various branches of the Arts. 

“The New Popular Encyclopedia” is, moreover, a Dictionary of the Practical Arts and 
Handicrafts, of Law, Medicine, Household Matters, Education, Music, Games, and Sporta 
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The Household 
Physician. 


A Family Guide to the Preservation of Health and to 
the Domestic Treatment o^ Ailments and Disease. 
By J. M*Grfx;or- Robertson, m.b. c.m. (Hon.). With# 
an * Introduction by Professor M*Kendrick, M.D., 
LL.I)., F.K..S., Glasffow University. Illustrated by about 400 figures in the text, dnd a Series 
of Engraved Plates. In 4 dixisions, super-royal 8vo, cloth, at gs. net each ; also in i volume, 
Koxl)urgh binding, 13s, net; 2 volumes, ditto, 17s. net. « 


One aim of this book is to supply in as plain language as can be used some knowledge of what science 
has to say as to the body which i^e inhabit ; the second aim is to give leliable assistance in the domestic 
treatment of simple ailments. The bodily ills to which young and old are liable are considered more 
fully than is usual in popular works. 

The first portion of the book treats of the human body in health, and the various^changes produced by 
disease, ’l'h|^ pait has been divided into sections* each section being devoted to one set of oigans. For 
example, the Ixsncs and joints arc considered in one section, the nervous system in another, the digestive 
organs in a third, and so on. The /irst half of each section describes tho particular organs in their 
healthy condition, and the second half discusses the diseases to which they arc liable. By this method 
rhe he.ilthy and diseased states of each part of the body ate placed in relationship to, and mutually 
explain, one another. This section, moreover, contains special chapters on the Managbmunt OP 
Childxkn in Health, the Diseases of Childhood, and the Diseases op Women. 

The second portion of the book is devoted to Hvisikne, or the conditions of health as regards Fodti* 
Drink, ('lothing, Exkkc'Isk, &c., and the rules to lx* observed for the promotion of health, both of 
individuals and comniunitios. Det.iils arc given of the requirements of a Healthy House, in its 
constniction, ventilation, water-supply, dniinuge, &c. 

In the third portion of the work the nature and inode of Act lON of Drugs and other remedial agents 
ate explained But this part includes nioic than mere drugs. Electricity, an agent as valuable in 
medicine as it is in comincice, and Massage, or medical rubbing, another new and formidable an- 
tagonist to ill-health, will also be fully treated. 

In the remaining portion of the liook the methods of dealing with Acctdknis and Emergencies 
find a place, and the commoner Surgical Instruments are described and their mode of use ex- 
plained; Sk'K-nuksing receives attention, and recipes for Invalid Cookery and Notes of Medicai^# 
Pi ascriptions are given. 

The Illustrations are very numerous, consisting of about four hundred figures printed in 
the text, and a series of thirty-one engraved plates, many of which are in colours. 


A GREAT HISTORICAL WORK, 


A History of the 
Scottish People. 


From the Earliest to the Latest Times. By 
Rev. Thomas Thomson and Charles Annan- 
DALE, M.A., LL.D. With 40 Original Designs by 
W. H. Margetson, Alfred Pkarse, Walter 
Paget, (Gordon Browne, and other eminent artists. In 6 divisional volumes, super-royal 
8vo, cloth elegant, 8j. td. net each. 

The main features may be stated as follows : 

It ii a fhll and oetalled Hiatoiy of Scotland from the Barlleat Timea to the Lateat. 

It la a Hietory of the Scottlah People, their mannere, customa, and modes of living at the * 
various aucceaeive pcrloda. 


It la a Hlatoiy of Religion and Bccleaiaatlcal Affaire in Scotland. 

It le e Hietory of Scetlend'e pregreae in Commerce, Industry, Arta, Science, and Literature. 

It ie illuatrated by a aeries of original designs reproduced in fareimlle from drawinga by emineut 
artMta. 
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mW BBITION, REmSED AJsTD GREATLY AUGMENTED. 


oF THE ENGLISH LANGUAGE. A complete Encyclopedic 
▼ I® ® Lexicon, Literary, Etymoloi|ical, Scientific, Technological, and Pro- 

lmnA*rifll nirfinnarar nouncmg. Edited by CHARi,ii.s anman- 
imperial LFIClIUnary m.a., ll.u. illustrated by above 

three thousand engravings on wood, besides a splendid scries of full-page plates, many of 
which are coloured. This edition of the Impkkiai. Dictionary is beautifully printed on 
paper of imperial si/e, specially made for the Work. It is issued in eight Divisional 
Volumes of a handy size for reference, bound in cloth, with a line design on side, at lor. net 
each volume. 


The receptiod accorded by the press and the public to this new edition of the Imperial 
Dicj'IONAKY has been such as to show that the care and labour bestowed upon it have met 
with due recognition, ^nd to prove that it will continue fully to maintain its established 
position as a standard lexicon of the English language, and as a work of the highest utility 
far the purposes of general reference and everyday requirement. 


DISTINCTIVE PDINTS. 

To sum up the chief points of this edition- • 

1. It IS the lati'st lovised diitumaiy, and has a supplunicMit uf in.iny thousand new words. 

II. It contains more woids, exclusive of conipound and obsoU'te words, than any other English 
dictiunaiy. 

nr. 'The pionunciation is explained on a plan which is simplicity itbulf. 

IV. It gi\cs the pronuiieiation and the meaning of the woid as rccogm/ed to^ay, 

V. It has more illustrations than any othci English dictionary. 

VI. it has full-page [)l«itcs (coloured and otheiwise), which arc an outstanding feature of the work 
No other English dictionary contains fiill-page plates. 

VII. It has c1c.ir type, beautifully printed on fine fiaper, and is substantially and elegantly bound. 

VIII. It has a s|)ecially prepared Supplement issued with each volume, and not, as is usually the 
case, relegated to the end of tlie (omplcte work. 

IX. It has a very full Apjx'ndix, probably the best and finest given w'lth any dictionaiy in the world. 

X. It IS sold on a plan at once acceptable and convenient, within the leach of all, and the price is 

very moderate. 

“The Imperial Dictionary”, says the Si, Jame^ Cazette^^^\^ a work which fairly 
deserves the epithet of monumental. It is really what it professes to be — complete 
encyclopaedic lexicon, literary, scientific, and technological’. In other words, it is the best 
dictionary of its kind in the English language, and its kind is the best.” 

“We have no hesitation in saying”, writes the Spectator^ “that it will prove a most 
thorough piece of workmanship, and that among rcfcrcncc-books of its class it will hold 
the first {ilace, both as an authority and a source of instruction and entertainment.” 

“The encyclopedic method of treatment which has been adopted”, remarks the 
AihMOum, “will be found of the greatest service, affording as it does to the reader the 
^ sulvantagcs of the ordinary dictionary combined with those of the encyclopedia.” 

The 5/. Jame^ Gaiette says;— “The encyclopaedic part is executed with great skill 
and accuracy ; and the genius of the editor has been exercised with the power and precision 
of a hydraulic press upon the enormous masses of facts with which he has had to deal”. 
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ShLECTlONS FROM THE WORKS OF THE CHIEF 
POLTS, Orators, and Prose Writfirs of 

• Ireland. Kditcd by Ci^ari.es A. Read, f.r.h.s., 

• r.nd Katharine Tynan Hinkson. In 4 vol- ‘ 

limes, super-! oyjil 8vo, cloth extra, gilt edges, price 8r. (id, net each. \ 


The Cabinet of 
Irish Literature 


As tijerc is an Irish Nationality, so there is an Irish Literature, in 
whu h that Nationality has found expression And \ hat a tnagnih- 
eent I.iter.ituie it is' how hrilliant the roll of lush xxnteis fiom Swift, 
Steele, and (loldsmith, to Shciid^n, Orattan, Mome, and tlu* seurt* of 
gifU'd men and women who arc identified with tlic present renaiss.ince 
of liish IcUets' 

Tiik ('AHiNhi OK Tkisii LiThRAiPKK is a» attempt to give exeiy 
Irishman, cxcry lush houst'hold, .i sliare in tlf^ jirieeless treasures 
with w'liith the litetaiy genius of the r.icc has enriched mankind 

It bungs within the compass of a single meat work a repiesentalive 
sCieLtKvn of all that is Ix^'st m iiisli Liler.itiiie. Not, lie it said, the 
old Itish Liteiatine in the old lush tongue; of th.it most is unknown 
to tile people Itself, though a good de.il of it, in tiaiisl.ition, will lx: 
found in this Ixiok. H> Insli Liteiatuie is meant the Litei.itute re.id 
and understoiMl by tlic Jrishnu-n of thi‘ j)n*sent day— the expression 
of the uicas they leally feel, of the life tliey tiuly live, m Mayo, wf 
Limeriek, in ('oik, ami 111 Deny 

It IS u selection made without fe.ii or favour, free fiom any hi.is, 
leligious, political, or social Meiit is tlu* only passpoit to its page*. 

It gives, in brief pointed biogiaphical notices, the lifc-history of 
eveiygieat Irish writer We are enabUnl to tealizc the peison.iJity of the man as well as appieciate the 
qualities of his work. 

It deals not only with the past but with the present, and it is the only woik that bungs home to us b) 
illiisti ative e>*r.icts the gieat nnival in Irish Lileiatiire that is now taking place. W. H. Yeats, Douglas 
Hyde. Cieorge Bernard Shaw, Nora Hoppci, Seumas MacManus, Richard Ashe King, Cieorge Lgciton, Moira 
O'Neill, are a few among the many scoies of niodein wiiters whose woiks arc lepiesentcd in the Cabinet. 0 ^ 

No Irishman who is pioud of his nationality can afford to Ihi without a work which thus focuses the 
whole intellectual activity of the race. 'Fo the younger generation it will be an inexhaustible source of m-* 
spiration, a piiceless influence iii forming llicir taste, in inouhluig then chaiactei —in a word, in perpetuating 
those qualities winch now, as in tlie past, .ire .issociaU'd with tin* name of liishinnn. 

T'he Caiiinm' was originally pl.inned by Mi. Ch.iilcs Anderson Re.id, but tins accomplished Insh poet and 
novelist did not live to see the fnntion of his ho{M*s His woik was 
completed by Mr T. I* 0 'C«innor, under vvliose auspices the first 
edition w.is issued Now, after the lapse of nearly a qu.irter of a 
cenliiiy, the time ii.is c ome for a new edition of this monumental woik, 
which shall take due .'iceoiint of the extraordinary activity in Irish 
fetters during the intei veiling >e.irs. Undei the able editorship of 
Miss Katharine Tyn.iii (Mrs K.ithaiinc Tyn.in Hinkson), herself one 
of Ireland’s most distmguisiied writeis, the work has been thoroughly 
revised and Irrouglit down to the present lioiii. 

In Its get-up It IS .'ll! tiiat a liook of its gre.'it importance should Ixx 
The illustr.itioiis are m.iny and of the highest artistic value. Some of 
the most eminent bl.ick-nnd- white artists of the day, including John 
H. Ikicon, Charles M. Sheldon, W. Rainey, R.I , G. P. Jacomb- 
Hood, R.I., .ind VV. H. Moigctson, have Ix'cn commissioned to illus- 
trate typical scenes from the masterjaeces of our literature, and these 
drawings, rendered by the latest processes of photographic reproduc- 
tion, and printed on speci.illy prepared paficr, add an unique charm 
to the work. The Cabinet is further embellished with a l.wge num- 
ber of photographs of the most eminent lush writers; and the cover 
design, in gold upon green cloth, is the work of Talwin Morris, the 
well-known desjigner. 
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The Book. 

.of the Home. 


An ENCYCI.Omi>IA of AI.L MAITERS relating to THU 
HJIjse AND IIou.sKHOLD MANAGEMENT. Produced Under 
the general editorship of H. C. Davidson, assisted by over 
one hundred specialists. Copiously illustrated by coloured 
dnd black<ai!d- white plates and engravings in the text. In 4 volumes, super-ioyal 8vo, cloth, 
with artistic design, price 2s. net. Also in 8 divisional volumes, cloth, price 5^. net esu li 


The Book c»f the Home is intended to form a complete work of refemnee on nil subjects connccu-u 
with houseAtilfl niimagenient. No efforts have been spared to ensure that every matter lM*aiing upon the 
Home and Home Life shall receive full and sufficient treatment, and that the information given shall be 
ivli.iljle .Tiul 111 the iK'st sense ofiRhe phr.ise up>to>date. 


A few among over one hundred specialists who have contributed to the work: 


Mis. Aii\ S rUi.l i^*,*Kditoi of flady — the Afother's 
and of M onuintuHkt 

Miss Hi iniiA Hanni-r, Tr.iining Tearhei ofSenving 
and DressniaUing at/the Liverpool Technical 
Lolli'ge lot Women. 

Mr. .\ Hi \r K, (. K . Aichiti'Ct, Author of First 
Pnnuptes of liuihtinj^ 

Mis JMvidson, Author of Dainties, U hat our 
Panxhteis tan do for themselves, &c. 

Miss I F0KSI1.K, I’riiK i|).i 1 of the Cheshiie ('ouiity 
( ouiicil Iiaiiy Institiiti 

Mis H R Hawi'.is (the late), Author of The Art 
of Detoiation, The Art of Beauty, &c. 

Miss IIiiKNA Hi* AD, Principal of the Liverp<x>l 
(fills’ School foi S<*eon<laiy Kducation in 
Doniestu Silence, and Autlioi of the J/anuat tf 
Itonseivifeiy. 

Mrs A. HoDcson. Home 1 lecorator to The Laefy. 

Mr. R. KhiTH Johnston, Authoi of Household 
Dijffii nlhex and I!<no to (roeirome Them. 


Miss Gkrtkcdk J. Kinc;. .Secretary to the Society 
foi Piomoting the Employment of Women. 

Miss E E. Mann, Head Tcachcf at the Livcr|xx>l 
Training School of Cookery. 

Colonel M. Moori*-Lanr, Contriliutor to the Field 
and other agrieultuinl pafiers. 

Mrs C S. PsKL, Diess and Household Editor of 
* Hearth and Home, .ind Author of The New 
Home. 

Miss. P. SiitiiioKPK PooLKY, I arturer to the Livcr- 
|X)o1 laidies* Sanitary Assck i.Uion. 

Miss Rankin, Head Teacher of Laundry Work at 
the Liveipool Ttihnical College for Women. 

Miss KI.ORI* nckStac I*ooi k, la^ctuier to the National 
Health Society at*d th<* Councils of Technical 
Education, and Author of Handbook of House- 
keeping for Small Incomes, &c 

Mr. David Toi.lfmA( hk, late editor of The Chej 
and Connoisseur, 


The eontenls of Thk Book os the Home ni.iy la? grouped under four heads. The first deals with 
all ni.ittiTs concerning the House- from the cluntt* of its site to llic Ie.ast of it.s internal dix'orations. The 
householder is instiucted in the laws regarding 1.tndlotd and tenant, and coimsrPecl in the Iniportant 
matters of s.init.uion and ventilation, heating and lighting, anil the stocking and management of 
the g.iidtn. The housekeeper is advised as to furnishing, everything necessary for the comfort 
and adornment of a well-equipped house being doscnlwd m detail, hints lx>ing also given regarding 
removals, painting and papciing, aiti.stic decoration, aiiangemcnt of linen and stoic cnplioards, &c. 

In the second the daily routine of the Household is consideicd the duties of the servants, their 
wages, their leisure and pleasures, the nianagcnient of the kite hen, laundry, and store-room. Plain rind 
fancy ccniking receive due attention. rc*ci|ies being given of a l.irge variety of dishes, and suggestions 
made for breakfast, lunch, aflemoon-tea, dinner, and supin r A niimlier of menus are added suitable 
for the different seasons. Invalid cookery also has its spi'cial section. 

Tn the thinl are discussed the legal and customary duties, and the occupations and pastimes, 
of Master and Mistress, the former lx*ing instiiubd as regnids insuruncc and the making of a will, 
and the smaller matters of carving, the caic of the wine-cellar, and the insix'ction of garden and stables, 
while the latter is advised as to account-keeping, payments, shopping, and innuinerable other matters 
connected with her duties as Mistress. Other .subjects treated under this head ore dress, home 
occupations, visiting and entertaining, and indoor and outdoor amusements. 

In the fourth sound, systematic, and pnictical advice is given as to the management, in health 
and sickness, and the education, of children, and also on such important subjects as occu|XLtions 
for boys and gills, the ceremonies nec'cssaiy on the coming out of a daughter, and the preparations 
and formalities necessary before and aftci a niaiiiage. 

The Book ok the Home will thus lie at once an indispensable ally to the young bride and the 
novice in housekeeping, and a valuable w oik of n-fercncc to the more experienced. ^ 
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The Natural Histoiy 


The Animal Life of the World in its 
varies Aspects dhd Relations. By J. 


A f trifl I C • AiNbWORTH Davis, m.a., of Tiinity College, Cambridge, 
Qf U^niversity College, Aberystwyth. Profusely illus- 
trated with full-page colour and black-and-white plates, and engravings in ^e text, by 
eminent animal artists. In 8 half-volumes^ cloth extra, price is. net each. 


While the sum of huni.in knowledge is gigantic now as compared with what it was a hundred 
yeais Hgo, in the department of Natural liistoiy the books upon which the grcat^iajority of us 
must fU‘|M‘iul h.ive undergone praUienlly no change. The general Natural History still follows the 
lines adopted by (loldsniith m his famous and delightful Earth and^SAnimated Nature. 'Iliat is to say, 
they arc little more than classified catalogues of animals, taking up in succession the var.uus groups and 
individuals, and describing thtMn one after another, each as standing by itself. This is not what 
the intelligiMit reader of the pn*sent day rec|uires He must lx* put in a position tmtake a compndiensive 
grasp of the subject; he demands a comijctcnt giiich*. not a directory, however acciiftite. 

It is with tUs end m view that Tiik Naiuk vi. IIisroKV r>K Animals Ilts lieen compiled It tnnits 
this great subject on esst*ntially nuKlern lines, giving an accurate and vn^id account of the habits, 
relationships, mutual mterde|K*nrience.' a^apLition to enviitjiiinent, iSre., of the living animals of the 
world 


It is needless to s.iy th.it the production of such a work demanded a man who has des'oted his life to 
the study of biology and roology, and who at the same time is a gifted writer and expounder. This rare 
combination has Ixeii found m the jXTson of Prof J. R. Ainsw'okih Davis. M.A., of Trinity College, 
Cambridge, and of lJm\ersity (‘ollege, AlK*r>stw'vth, the author of the present work. Prof DAvft 
IS well known to naturalists ns an ardent worker in Natural Histor\'. particularly m the field of marine 
zoology. He is a very distinguished graduate of Trinity College, C.'ambntlgc, the chief .scientific school 
in liritain, iM:rh.ips in the world, and has done a gi&it deal of literary work, both scientific and in other 
directions. 


briefly, the object of Prof. Davil'e work is to give in a readable foim and m non-tcchnical language 
a general survey of the whole animal world from the stajid- point of modern science*' and the work mav 
fairly claim to lx* a Natural HiatOiy on a new plan, the fir.st comprehensive work in English of its own 
special kind. Formerly Natural History had much the character of a miscellaneous aggregate of 
diseonn(*cted facts, but hardly any fact or feature ronnei’ted with any animal can now be considerco 
as Isolated from othcis; anrl animals ns a whole must be lixjked upon as interrelated in the most 
surprising mannei both with one another and w'lth their surroundings. 

Every household libraiy should contain a Bible, a Dictionniy, an Encyclopedia, and a work on 
Natural History. This is the "irieducihle minimum", other books we may have, these we must 
For Thk Natukai. IIi.S'niKV ob Animai«s it may fairly lie cl.aimed that it has a better title than 
any other w'ork to become the Natural History for the Household. It is a work in which the 
adult reader will And a never -failing mine of information, while the younger meriilwrs of the family 
w'ill delight in its wealth of illustration, and its .store of interesting and .suggestive anecdote. 

To teachers The Natitkal History or Animals may be regarded as indispensable. Moic 
than usual attention has of late been directed to the important subj(*ct of Nature-study; and m this 
respect the np|H‘arance of Prof. Davis's work could scarcely have been more fitly timed. In the domain 
of Natural History it is pre-eminently the book foi the purpose. Its clear and orderly arrangement 
of facts, its masterly grasp of general principles, its comprehensiveness of scope and simplicity of style, 
combined with the most absolute scientific accuracy, render this work an invaluable book of reference 
hr those who aspire to teach Nature-study on up-to-date principles. 

The Illustrations, as befits a work of such importance, aie on the most lavish scale. A large number 
are in colour, reproductions, by the latest processes of colour engraving, of exquisite pictures by the most 
eminent animal draughtsmen. In illustrating the w’ork talent has lieen sought wherever it was to be 
found ; and the list of artists is representative of several nationalities. A large number of the designs are 
the work of Mr. A. Fairfax Mi'c;kley, who is probably unsurpassed in the capacity to depict living 
creatures with absolute fidelity to detail without sacrificing the general artistic effect. Friedrich 
Spkcht, one of the most eminent German animal paintcts of the past century, is represented in The 
Natural History of Animals by many of his best designs in colour and black-and-white. 
W. Kuhnrrt, another German artist whose work is universally admired; and M. A. KobkkoRK, 
the talented Dutch painter, arc also among those who have assisted in the embellishment of the work. 
An important feature is the series of diagrammatic designs showing the structure of certain typical 
animals, specially drawn under the direction of Prof. Davis. 
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The Modern Carpenter, 

* IrkIflAf* fin/fi editorship of G. Lister Sutcliffe, Architect, Asso- 

y3 Ol flvT 9 clou ciate of the Royal Institute of British Architects, Mem- 

% a n/l o At* • Sanitary Institute, editor and joint-author of 

wB-DlOCl^iflcllVCr • *• Modern House-Construction”, author of “Concrete: 
Its Nature and Uses”, &c. With contributions from many specialists. Illustrated by a 
series of aboUt loo separately-printed plates and looo figures in the text. In 8 divisional 
volumes, super-royal quarto, handsomely bound in cloth, with cover design by Mr. Tai.win 
Morris, pric^ 7 s, 6 d, net each. In complete sets only. 

In prp|xiring Thk Mourkn Cakpknikr the editor has h.Td the great advantage of working upon 
the basis of Newkinds's Carpenter and Joinet*^ Assidant^ which for nearly half a century has been 
accepted as a standard authority on the subjects uf which it treats, and for many years has been 
rcconimended by the Royal Institute of Bntish Architects as a tozt-book for the eij^mination o£ that 
society. And yet in the present work it has been possible to preserve only a very small part of 
Newlands's treatise, 4ft valuable though this has been to tw'O generations of craftsmen. While the 
fund.imental features of arrangement and method which distinguish this famous work have been 
retained, the matter has had to lie entiraly rawritteu, and many new sections have been added, on 
subjects not touched iipcjn in the oldei work, with which tin* car|x*ntcr of the present day reejuires to be 
familiar. 

In the new liook, indeed, the old foundations that have stood the test of half a ccntuiy of practical use 
have been retained, but the luperitruoture !■ wholly new. 

The lesson to Ik* learned from this fact is not f.ir to seek. It is that the modem carpenter requires a 
far wider expert knowledge than sufficed his predecessor. 'I'lie development of wood-working 
in.^chinery. tiic introduction of new kinds of timber, improvements in the design of structures, the more 
thorough testing of timbers, and ptogress in the various mdustnes with which Cnrptmtry, joinery, and 
Cabinet-making are intimately allierl, have all helped to render the cnift mote complex. Ihc carpenter 
of the present day has no ust' fnt the old **rule of thumb” methods; his calling is U>th an art and a 
science, and knowlodgo, knowlodgo, and again knowledgo is the prim.iry condition of success. 

The editor of Thb Modkkn Cakpkntkr, Mr. O. Listar ButoUffa, Associate of the Royal Institute 
of Architects, needa no Introdnction to practical men, his name is already well known not only 
through his professional position in the aichitectimil woiltl, but through his editorship of Modem Houses 
( 'onArNctton, a work which, although issued only a few ye.irs ago, has alrc.idy become a standard book 
of rcfeience. Mr. Sutcliffe's large ex|)ericncc Ins enabled him to enlist the services of a highly- 
qualified staff of experts, whose speci.il knowledge, accputeil through long years of practical work, is 
now placed at the disposal of every member of the craft. The fust condition in selecting the contri- 
butors to the work was that they should iie practical men, not only jjossessing the indispensable 
knowledge, but having the ability to impart it. I'he tc.sult is that within tlie eight divisional-volumes of 
this work we have a tre^Uise on every branch of the craft, distinguishiHl by four outstanding qualities : — 
It is (i) complete, ( 3 ) clear, (3) practical, and (4) up-to-date. 

An idea of the scope of The Modern Carpenter may Ixi gathered from the fact that while its 
predecessor, T/u Carpenter and Joiners Asustant, comprised only eight sections, the new work 
includes no fewer than eixteen. A glance at these will show that the woik cOYem the whole field; 
It IS a complete encyclop.*cdia upon every subject that Ijcars upon the everyday work of the practical man. 

I. Styles of Architectupe. • IX. Staircases and Handrailing. 

II. Woods: Their Charaeterlstlos and Uses. X. Alr-tlght Case-Making. 

III. Wood-working Tools and Machinery. XI. Cabinet-Making. 

IV. Drawing and Drawing Instruments. XII. Wood-Carving. 

V. Practical Geometry. XIII. Shop Management. 

VI. Strength of Timhor and Timber Framing. XIV. Estimating. 

VII. Carpentry. XV. Building Law. 

VIII. Joinery and Ironmongery. i XVI. Index, Glossaryt Me. 

The Illustrations ai-e not the least of the many notable features of this great undertaking. The work 
IS embellished in the first place with about 100 full-page plates, reproduced, some in colours, by the 
most approved processes of mechanical engraving, and printed on specially-prepared paper. In addition 
to this unique collection there are no fewer than 1000 diagrams aj^ dMigmi in the iKxly of the work. 
No trouble or expense has indeed been spared to procure illustrations where these could elucidate the 
text 
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Ctvirles Dickens’ 
Novels. 


Tftc Imp^al Edition of the Novels of Charles 
DickenS, in^)6 volumes, Ikrge sqflhre 8vo, cloth 
extra, gilt top, price net each volume. « 


An Ideal Issue. One Novel, One ^lumC Despite 
varying lengths, the paper, &c., is so adjusted that each volume 
ib uniform in thickness and size. 0 

The Cheapest Edition. The price of each volume is 4s. 6d. 
net, making the edition the chcapist of the best editions. 

Sumptuously Bound. The cloth is of the hnest and is im- 
perial red in colour The embellishments c(produccd in gold) 
arc an appropriate design of national arms and imperial em- 
blenib by the eminent designer, Talwin Morris. 

I.Mustrations a Unique Feature. Evbry picture drawn spe- 
cially at enormous cost for this Imperial ” edition by the best 
known and most celebrated Artists of to-day. 

George Gissing’s Masterly Study. A literary character 
study, the work of this great authority, forms one of the volum^ 
of this issue, and is illustrated with pictures of some of the 
quaint old hostclrics and places made famous by Dickens, and 
is altogether an invaluable addition to this issue. 

Presentation Portrait. To every subscriber to this editipn 
will be presented with the last volume a magnificent Photo- 
gravure of Charles Dickens. It is printed on the hnest plate 
paper, 22 inches by 30 inches, and has been specially engraved 
for this edition. 

A List of the Novels. 

The following is a list of the volumes in the Imperial Edition: — 

The Pickwick Papers. 

Oliver Twist. 

Nicholas Nickleby. 

Martin Chuzzlewit. 

The Old Curiosity Shop 
Barnaby Rudge. 

David Copperfield. , 

Bleak House. 

Sketches by Boz. 

Hard Times and Master Humphrey's Clock. 

Christmas Books. 

Do m bey and Son. 

Little Dorrit. 

A Tale of Two Cities. 

Great Expectations. 

Charles Dickens: A Critical Study. By George 
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